Mobility-Supporting Rehabilitation Clinics: Architectural design criteria for promoting stroke patients’ independent mobility and  accommodating their changing spatial needs during the transition towards recovery by Kevdzija, Maja
  

  
 
 
 
MOBILITY-SUPPORTING  
REHABILITATION CLINICS 
 
Architectural design criteria for promoting stroke patients’ independent mobility and  
accommodating their changing spatial needs during the transition towards recovery 
 
 
Maja Kevdžija, M.Sc. 
born on 24.06.1989 in Belgrade, Serbia 
 
 
 
 
 
 
 
 
Thesis submitted for the degree of 
Doktor der Ingenieurwissenschaften - Dr.-Ing. 
 
Faculty of Architecture 
Chair of Social and Health Care Buildings and Design 
Technische Universität Dresden 
 
 
 
1st supervisor:  Prof. Dr.-Ing. Gesine Marquardt  
Technische Universtät Dresden 
 
2nd supervisor:  Assoc. Prof. Dr. Sci. Ružica Božović-Stamenović  
National University of Singapore 
 
 
 
 
 
Submitted on 17.07.2019, Dresden 
Defended on 26.02.2020, Dresden

 I 
 
Acknowledgements 
The journey towards a PhD has been a challenging and rewarding experience supported by 
many people. 
Firstly, I would like to thank my supervisors Gesine Marquardt and Ružica Božović-Stamenović 
whose expertise, guidance, encouragement and constructive comments have been crucial for 
the development of this thesis.  
To all my (current and former) colleagues: Congsi, Tom, Lisa, Elisa, Conny, Kathrin, Carolina, 
and Ingrid, thank you for creating a motivating working environment and for your daily 
encouragement and productive discussions. Special thank you goes to Tom, for helping me 
with the application process for the ethical clearance for my field study.  
The financial support for this research was provided by the European Social Fund (ESF) and 
the Sächsische Aufbaubank (RL ESF Hochschule und Forschung 2014 bis 2020, scholarship 
agreement no. 100235479). I would also like to thank the TUD Graduate Academy for funding 
the completion phase of my PhD and the conference travels. 
Although academic support is of great significance, the support of friends and family is equally 
as important. This thesis would not exist in this form without Dragica, who is sadly no longer 
with us, but whose passing due to a stroke ignited my interest in this topic. I would like to 
express my gratitude to my whole family, especially my parents, my brother and my partner 
Bruno, whose love and support carried me through the most difficult days; as well as to my 
aunt Rada and uncle Željko for their support and encouragement throughout my education. I 
would also like to thank my best friends from home, Maja and Ana, as well as all my friends 
from Dresden and all over the world, who are too many to name.  
Since this thesis relied on the collection of the empirical data, it would not exist without the 
rehabilitation clinics that participated in the field study. Rehabilitation clinics are stressful 
settings where time is of great importance. Therefore, my deepest appreciation goes to the 
employees of all the clinics where I conducted my field research, for their time and assistance. 
I would like to offer my special thanks to Prof. Dr. med. Jens D. Rollnik and especially Dr. 
Melanie Boltzmann from BDH Klinik Hessisch Oldendorf, for helping me immensely during my 
pilot study. I also thank Dr. med. Khalil Anton Asaf from Gesundheitszentrum Glantal and Dr. 
med. Andreas Hetzel from Schwarzwaldklinik Neurologie. I owe my deepest gratitude to Prof. 
Dr. med. Claus Wallesh, Dr. med. Rüdiger Buschfort, Prof. Dr. med. Michael Linnebank and 
Dr. med. Birk Engmann, for showing great interest in my research, giving me valuable advice 
and discussing my research results and the proposed guidelines. I am particularly grateful to 
Claudia Frank and Regina Minks from HELIOS Klinik Hagen Ambrock, and Angelina 
Allmendinger from BDH Klinik Elzach, for the assistance given during my field study in their 
clinics.  
Finally, I would like to thank all the 70 stroke patients for agreeing to spend one whole day 
participating in my research study and for sharing their inspiring experiences of rehabilitation 
and recovery.  
 
   
III 
 
Thesis summary 
Rehabilitation clinics remain until this day a greatly unexplored topic from the perspective of 
architectural design. Stroke is the most common condition that is treated in neurological 
rehabilitation clinics in Germany and it is a disease that causes the most complex disability. 
Since stroke numbers are expected to constantly grow in the future, there is a definite need 
for understanding the stroke survivors’ spatial needs and for accommodating them in the built 
environment in a way that supports their recovery process and their life after rehabilitation. 
This PhD thesis aims at contributing to this wide knowledge gap and at introducing new 
research directions focusing on the relationship between stroke patients’ and the rehabilitation 
built environments. 
Rehabilitation clinics were chosen as the research setting for this study as the environments 
that stroke survivors encounter after the hospital stay and where they undergo a challenging 
rehabilitation process with the goal of returning home to their normal lives. This rehabilitation 
process involves living in rehabilitation clinics for a certain period and attending various types 
of therapies led by a multidisciplinary team, with multiple therapies per day, every day of the 
week. This type of intensive therapy is important for stroke patients since the greatest amount 
of functional recovery can be expected in the first 3 to 6 months after the stroke onset. 
German neurological rehabilitation clinics are commonly transformed from other functions or 
newly built without evidence-based knowledge about the spatial needs of their patients. This 
practice creates barriers in the built environment for patients, likely hindering their recovery 
process and negatively influencing their psychological well-being. These barriers can most 
directly influence and hinder patients’ mobility within the clinic. Mobility, as the main goal of 
stroke rehabilitation, is often not well-supported in the built environment of rehabilitation clinics. 
This study, therefore, focuses on identifying barriers and facilitators to mobility in rehabilitation 
clinics and their architectural properties and the different experiences of patients with different 
mobility levels. 
Three empirical research methods were used to investigate the relationship between the stroke 
inpatients’ mobility and the built environment of rehabilitation clinics: patient shadowing, patient 
questionnaire and staff questionnaire. These three methods were the elements of Post-
occupancy evaluation (POE) applied in seven German neurological rehabilitation clinics over 
the period between September 2016 and May 2018. The results show that the built 
environment of rehabilitation clinics hinders patients’ mobility in five main aspects: challenging 
wayfinding, long distances, insufficient dimensions of corridors, floor surfaces and physical 
obstacles. It was also found that mobility facilitators are greatly lacking. Stroke patients with 
the lower levels of mobility, and especially patients using a wheelchair, were found the most 
vulnerable to the identified barriers. Patients were also greatly inactive during their time in the 
clinic since 50% of the day was spent in patient rooms. They also expressed a wish for a 
greater variety of common spaces within the clinic. The absence of motivating spaces was 
likely to be another important reason for patients’ inactivity, besides the avoidance of various 
barriers.  
The architectural properties of the identified barriers and facilitators were used to develop a 
catalogue of architectural design guidelines that present a new model for rehabilitation 
buildings: the transitional model. The given recommendations are based on the obtained study 
results and the experience of living in rehabilitation clinics and observing their daily life for 14 
weeks. The catalogue of guidelines is intended for architects, medical professionals and others 
included in the process of planning a rehabilitation clinic. The main goal is to provide directly 
applicable evidence-based recommendations for mobility supporting clinics and to facilitate the 
dialogue between different professions involved in the planning process. 
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Kurzfassung 
Rehabilitationskliniken sind bis heute ein aus architektonischer Sicht wenig erforschtes 
Thema. Schlaganfall ist die häufigste Erkrankung, die in neurologischen 
Rehabilitationskliniken in Deutschland behandelt wird und die die komplexeste 
Beeinträchtigung verursacht. Da zu erwarten ist, dass die Anzahl der Schlaganfälle in Zukunft 
stetig zunimmt, müssen die räumlichen Bedürfnisse der Schlaganfallpatienten unbedingt 
begriffen und in der gebauten Umgebung so untergebracht werden, dass ihr 
Genesungsprozess und ihr Leben nach der Rehabilitation unterstützt werden. Diese 
Dissertation zielt darauf ab, zu dieser breiten Wissenslücke beizutragen und neue 
Forschungsrichtungen einzuführen, die sich auf die Beziehung zwischen 
Schlaganfallpatienten und der rehabilitierten Umgebung konzentrieren. 
Rehabilitationskliniken wurden als Forschungsumgebung für diese Studie ausgewählt, da sie 
nach dem Krankenhausaufenthalt von Schlaganfallpatienten heimgesucht werden und sich 
dort einem herausfordernden Rehabilitationsprozess unterziehen, um zu ihrem normalen 
Leben zurückzukehren. Dieser Behandlungsprozess beinhaltet das Leben in 
Rehabilitationskliniken für einen bestimmten Zeitraum und die Teilnahme an verschiedenen 
Arten von Therapien, die von einem multidisziplinären Team mit mehreren Therapien pro Tag 
an jedem Tag der Woche durchgeführt werden. Diese intensive Therapieform ist wichtig für 
Schlaganfallpatienten, da in den ersten 3 bis 6 Monaten nach dem Schlaganfall mit der größten 
Wiederherstellung der Funktion gerechnet werden kann. 
Deutsche neurologische Rehabilitationskliniken werden häufig von anderen Funktionen 
umgestaltet oder ohne evidenzbasiertes Wissen über die räumlichen Bedürfnisse ihrer 
Patienten neu errichtet. Dieses Vorgehen schafft Barrieren in der gebauten Umgebung für 
Patienten, die wahrscheinlich ihren Genesungsprozess behindern und ihr psychisches 
Wohlbefinden negativ beeinflussen. Diese Barrieren behindern auch die Mobilität der 
Patienten in der Klinik. Mobilität als Hauptziel der Schlaganfallrehabilitation wird in der 
bebauten Umgebung von Rehabilitationskliniken häufig nicht gut unterstützt. Diese Studie 
konzentriert sich daher auf die Identifizierung von Barrieren, die Erleichterungen für die 
Mobilität in Rehabilitationskliniken und deren architektonischen Eigenschaften, sowie auf die 
unterschiedlichen Erfahrungen von Patienten mit unterschiedlichen Mobilitätsniveaus. 
Drei empirische Forschungsmethoden wurden verwendet, um den Zusammenhang zwischen 
der Mobilität von Schlaganfallpatienten und der gebauten Umgebung von 
Rehabilitationskliniken zu untersuchen: Patienten-Shadowing, Patientenfragebogen und 
Mitarbeiterfragebogen. Diese drei Methoden waren die Elemente der Post Occupancy 
Evaluation (POE), die in sieben deutschen neurologischen Rehabilitationskliniken im Zeitraum 
von September 2016 bis Mai 2018 angewendet wurden. Die Ergebnisse zeigen, dass die 
bebaute Umgebung von Rehabilitationskliniken die Mobilität der Patienten in fünf 
Hauptaspekten behindert: Herausfordernde Orientierung, große Entfernungen, unzureichende 
Abmessungen der Korridore, Bodenflächen und physische Hindernisse, sowie ein Mangel an 
Unterstützungselemente der Mobilität. Schlaganfallpatienten mit eingeschränkter Mobilität und 
insbesondere Patienten, die einen Rollstuhl benutzen, waren am anfälligsten für die 
festgestellten Hindernisse. Die Patienten waren auch während ihrer Zeit in der Klinik sehr 
inaktiv, da 50% des Tages in Patientenzimmern verbracht wurden. Die Patienten wünschten 
sich mehr Abwechslung in den Gemeinschaftsräumen der Klinik. Das Fehlen von 
motivationsfördernde Bereiche ist wahrscheinlich ein weiterer wichtiger Grund für die 
Inaktivität der Patienten, neben der Vermeidung verschiedener Hindernisse. 
Die architektonischen Eigenschaften der identifizierten Barrieren und Unterstützungselemente 
wurden verwendet, um einen Katalog von Empfehlungen für die architektonische Gestaltung 
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zu entwickeln, in dem ein neues Modell für Rehabilitationseinrichtungen vorgestellt wird: das 
Übergangsmodell. Die gegebenen Empfehlungen basieren auf den erhaltenen 
Studienergebnissen und der Erfahrung der Beobachtung der Abläufe in Rehabilitationskliniken 
für 14 Wochen. Der Empefehlungskatalog richtet sich an Architekten, Mediziner und andere 
Personen, die an der Planung einer Rehabilitationsklinik beteiligt sind. Hauptziel ist es, direkt 
anwendbare evidenzbasierte Empfehlungen für mobilitätsunterstützende Kliniken 
bereitzustellen und den Dialog zwischen verschiedenen am Planungsprozess beteiligten 
Berufen zu erleichtern. 
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INTRODUCTION 
Being a sudden disease that causes the most complex disability, stroke creates a substantial 
social and economic burden to individuals and society. The numbers of stroke survivors are 
growing dramatically due to the demographic change and the increased incidence in the 
younger population. It is projected that in the year 2030 there will be 70 million stroke survivors, 
which is a significant increase compared to almost 25,7 million stroke survivors and 10,3 million 
new strokes in 2013 (Feigin, Norrving & Mensah, 2017).  
After the hospital stay, the start of recovery for many stroke survivors takes place in 
rehabilitation clinics. Functional gains in the first weeks and months of attending therapies in 
these clinics are crucial for the final recovery outcome. 
During rehabilitation, patients suffer from a wide range of post-stroke impairments and as a 
result, they often experience depressive symptoms and are exceedingly inactive during their 
free time. Recovering independence, and more specifically the independent mobility, is the 
main goal of rehabilitation. The lack of mobility and activity, together with the common 
depressive symptoms, can significantly delay the recovery of patients, creating the added 
costs of health care, increased burden on the caregivers and negative effect on patients’ 
physical and psychological well-being. 
With the development of Evidence-Based Design (EBD), starting with the pioneering study of 
Roger Ulrich in 1984, the substantial number of research studies have demonstrated that the 
built environment of healthcare facilities can have a significant influence on the infection 
control, recovery speed and success, as well as on patients’ activity levels, well-being and 
overall satisfaction. Based on the results of these studies, it could be hypothesised that, 
besides medical care, the built environment of rehabilitation clinics also has the potential to 
increase activity levels, improve patients’ well-being and offer the opportunities to train 
independent mobility. The current difficulty of rehabilitation clinics in Germany is that they have 
either been repurposed from other functions, have grown irregularly over time or have been 
designed as experimental buildings, without any evidence-based design knowledge. With the 
increasing stroke numbers, there is a need for the improved design of rehabilitation clinics that 
contribute to patients’ recovery and simultaneously reduce the rehabilitation costs and the 
caregiver burden.  
The architectural challenge lies in the absence of evidence-based design knowledge on how 
to design rehabilitation clinics that support the rehabilitation process. After decades of EBD 
research studies, there is considerable evidence on how to design better hospitals and certain 
other types of healthcare facilities, but the rehabilitation clinics are rarely a subject of research 
studies. To establish the existing research gap, an extensive analysis of the existing published 
research results was conducted. The search for the studies that investigate the relationship 
between stroke patients and the built environment of healthcare facilities in English and 
German languages found 18 published research studies from 1980 until today. Among these 
identified studies, one study specifically investigated the built environment of rehabilitation 
clinics. Since there is limited research present on the spatial experiences of stroke patients 
during rehabilitation in different contexts, the scholars examining this topic have not fully 
investigated the influence of specific spatial features on the well-being of patients and the 
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recovery of mobility. Moreover, none of the available studies used architectural analysis as a 
tool to investigate this relationship, therefore failing to identify the properties of the spatial 
features that contribute to stroke patients’ recovery process. 
After the evaluation of the existing research studies and after establishing the research gaps, 
preliminary fieldwork was conducted in the form of visiting various rehabilitation clinics and 
conducting informal interviews with the medical staff. This preliminary research in the field was 
necessary to understand the main challenges that patients face in rehabilitation clinics and to 
clarify and define the main research question for this study. The first step was the visit to a 
hospital’s stroke unit, where patients are admitted after the onset of a stroke. An interview with 
a physicians’ assistant in neurology was conducted to establish how patients are spatially 
accommodated in a hospital, how the stroke care starts and what measures are applied to 
ensure the start of the early rehabilitation while patients are still bedridden. This visit was 
followed by the visits and facility tours of eleven German rehabilitation clinics and the interviews 
with chief physicians, therapists, nurses and an architect of one of the visited clinics. These 
visits were crucial for observing and assessing how patients are accommodated in 
rehabilitation clinics, how the clinics are spatially organised and what kind of spatial elements 
could potentially play a role in patients’ mobility and recovery. The analysis of the results of 
previous research studies had shown that mobility and activity levels in rehabilitation clinics 
play a significant role in the recovery process of patients, but that patients spent a large amount 
of their free time inactive in their rooms. After the preliminary field visits, it was clear that the 
visited clinics faced the same issue: patients were often passive, spending most of their time 
isolated in their rooms and without any planned activities between and after therapy times. 
During the visits, it was also noticed that the built environment was often not supportive of 
patients’ independent mobility. This was especially reflected in the use of transfer service to 
bring patients using a wheelchair from their rooms to therapies because of the long and 
complicated paths to therapy. Thus, the preliminary fieldwork was significant for identifying 
mobility as an aspect that is not well-supported in the built environment and for defining the 
main research question that initiated this research study. 
This PhD thesis intends to contribute to closing the wide knowledge gap on the relationship 
between the healthcare built environment and the stroke patients. Furthermore, this research 
study aims at generating the basis of evidence-based design knowledge on the relationship 
between stroke patients’ recovery process and the built environment of rehabilitation clinics 
with a specific focus on independent mobility. The main focal point was set on independent 
mobility, as both the literature analysis and the preliminary visits to the clinics have singled it 
out as highly significant for recovery and not well-supported in the built environment. The main 
objective is, therefore, to identify the spatial properties of the main architectural mobility 
barriers and facilitators using empirical research (studying actions in context) and architectural 
analysis. Another significant objective of this research study is to demonstrate via research 
results that stroke patients in different stages of rehabilitation have different spatial needs and 
that the “same-for-all” design does not benefit them equally. 
As a result, the catalogue of first evidence-based design guidelines on how to design mobility-
supporting rehabilitation clinics is developed, based on the study findings. These guidelines 
are intended for architects and designers, as well as the healthcare administrators and medical 
professionals involved in planning and decision making during the process of building a 
rehabilitation clinic. If systematically applied in all rehabilitation clinics, the implementation of 
the design catalogue could bring improvements, not merely for the patients’ well-being, 
psychological health and likely faster recovery, but also a relief for the nursing staff, cost-
efficiency for the healthcare facilities due to the faster recovery and shorter lengths of stay, 
and overall reduced burden of stroke in society. Although the implementation of the proposed 
guidelines could potentially increase the one-time construction costs of a new rehabilitation 
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clinic due to the increased variance in the building design and structure, the building designed 
according to the given recommendations could be a long-term investment. In general, the costs 
of healthcare building construction were mostly considered as a sunk cost. Today, numerous 
healthcare buildings that were built according to the evidence-based design recommendations 
make a business case for EBD innovations, by demonstrating the possible operating savings 
and revenue increase, despite the initially higher construction costs. 
The discussed catalogue of design guidelines is an outcome of the field research study 
conducted in seven German rehabilitation clinics over the period between September 2016 
and May 2018. The path from the initial research background and motivation for this research 
study, over the description of the field study design and implementation, to the presentation of 
the most important results and design recommendations, is divided into 7 chapters. 
Chapter 1 gives an overview of the medical, societal and architectural context for this research 
study. The significance of the selected topic is discussed in terms of the increasing stroke 
numbers and the stroke survivors’ rehabilitation needs. The specific characteristics of the 
German rehabilitation system are explained to establish the parameters that were later used 
in the assessment of study results and the proposed catalogue of guidelines.  
Chapter 2 discusses the impairments that can impact stroke survivors’ experience of space. 
Furthermore, the theoretical framework for this study is presented, with the main theories that 
shaped the motivation and the main research question. This chapter also offers an overview, 
analysis and evaluation of the existing research studies dealing with this topic to establish the 
research gaps.  
Chapter 3 gives an extensive account on the research motivation and formulation of the 
research questions, as well as on the process of conducting the field study in the seven 
rehabilitation clinics. The selection of the research methods and their principles of application, 
the selection of the research settings and participants, as well as the formulation of the first 
hypotheses are all presented in this chapter.  
Chapters 4 and 5 present the obtained research results on the two investigated topics in this 
PhD thesis: barriers and facilitators to mobility. These chapters do not only include the research 
study results, but they also present the process of analysis of the collected data and the 
interpretation of the main findings. These results set the context and main principles for the 
development of the catalogue of design guidelines. 
Chapter 6 contains the catalogue of architectural design guidelines for mobility-supporting 
rehabilitation clinics. This chapter presents the proposed transitional model for rehabilitation 
clinics in visual and textual form. The presented recommendations can be used by architects, 
medical professionals and others involved in the planning process in rehabilitation clinics. 
These recommendations are primarily intended for the new rehabilitation clinics, but some of 
the important principles and guidelines could be implemented in the existing buildings as well.  
Chapter 7 includes the discussion of the obtained findings throughout this research study and 
the applicability of the presented catalogue of guidelines in the current German rehabilitation 
system. Limitations of this PhD study and the main contributions to theory, research 
methodology, evidence-based design knowledge and architectural design are presented as 
well.
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1 THE BURDEN OF STROKE 
The burden of stroke is substantial at an individual, societal and population level. This chapter 
introduces the characteristics of a stroke as a disease and describes the recovery process 
after a stroke, with a specific focus on stroke care in Germany. The implications of the 
increasing numbers of stroke survivors are discussed, as well as the importance of 
rehabilitation for patients’ recovery and return to normal life. The discrepancies between the 
stroke care concept in Germany and the current design of rehabilitation facilities are highlighted 
to establish the point of departure for this research study. 
1.1 Stroke as a disease 
1.1.1 Characteristics of a stroke 
Stroke is a serious and sudden heath condition caused by the interruption of blood flow to the 
brain, which results in the death of brain cells. In 1970, the World Health Organization defined 
stroke as “rapidly developed clinical signs of focal (or global) disturbance of cerebral function, 
lasting more than 24 hours or leading to death, with no apparent cause other than of vascular 
origin“ (Aho et al., 1980). At the beginning of the 21st century, with the development of medicine 
and stroke diagnostics, this definition was considered outdated and relying heavily on clinical 
symptoms. A new definition for stroke, consisting of several separate definitions, was proposed 
by the American Heart Association and American Stroke Association in 2013: 
 “Central nervous system infarction is defined as brain, spinal cord, or retinal cell death 
attributable to ischemia, based on neuropathological, neuroimaging, and/or clinical evidence 
of permanent injury. Central nervous system infarction occurs over a clinical spectrum: 
Ischemic stroke specifically refers to central nervous system infarction accompanied by overt 
symptoms, while silent infarction by definition causes no known symptoms. Stroke also broadly 
includes intracerebral haemorrhage and subarachnoid haemorrhage.“ (Sacco et al., 2013, p. 
2064) 
Presented definitions indicate that stroke is a complex condition, including numerous factors 
and potentially affecting many different parts of the human body. The most common outcome 
of a stroke is a serious disability, rather than death. Depending on the stroke severity, abilities 
controlled by the affected area of the brain could be severely impaired or lost. Commonly, 
stroke survivors experience temporary or permanent difficulties with walking, speaking and 
thinking. 
There are three most common types of stroke: ischemic, hemorrhagic and transient ischemic 
attack (TIA). According to the American Heart Association, ischemic stroke occurs as a result 
of a blood clot within arteries that supply blood to the brain. It is the most common type of 
stroke, accounting for 87% of all stroke cases. Hemorrhagic stroke occurs when a weakened 
blood vessel ruptures. The transient ischemic attack or a “mini-stroke“ is caused by a 
temporary clot and doesn’t leave any permanent damage. 
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Stroke is a disease that is associated with the highest odds of reporting severe disability and 
it causes a greater range of disabilities than any other condition (Adamson, Beswick & 
Ebrahim, 2004). Around a third of affected people remains permanently disabled (McKay, 
Mensah, Mendis & Greenlund, 2004). Stroke survivors are a diverse group with different post-
stroke conditions such as one-sided paralysis and cognitive impairments. The most common 
post-stroke impairment is motor impairment (Langhorne, Coupar & Pollock, 2009). This is, in 
the majority of cases, manifested as hemiparesis (weakness in one side of the body) or 
hemiplegia (one-sided paralysis). Cognitive impairments also frequently occur after stroke, 
commonly involving memory, orientation, language, and attention (Tatemichi et al., 1994). 
These impairments can range from severe to mild, depending on the nature of the stroke. 
Since a stroke is a sudden event that significantly changes the abilities of a person, depression 
and anxiety are very common in stroke survivors (Pohjasvaara et al., 1998). A wide range of 
physical and mental consequences that stroke survivors experience are often long-lasting and 
have a significant influence on the lives of patients and their families. By their nature, the 
impacts of these impairments are complex and hard to quantify.  
The advances in medicine in the past decades significantly decreased the number of deaths 
caused by stroke. Because of the decreased death rate, researchers are increasingly 
becoming interested in the disabilities that stroke survivors suffer from (Sun, Tan & Yu, 2014). 
Although the medicine advanced significantly and the stroke prevention strategies such as 
healthy diet, regular exercise, avoiding smoking and alcohol are widely known, stroke numbers 
did not decrease on the global level. The reasons for this are not completely clear and could 
be related to the demographic change, modern lifestyle and increased risk factors for stroke in 
both young and older population.  
1.1.2 Risk factors for stroke 
Main risk factors correlated to stroke incidence were found to be high blood pressure, atrial 
fibrillation (a heart rhythm disorder), high blood cholesterol, smoking, unhealthy diet, physical 
inactivity, and advancing age (McKay et al., 2004). Diabetes mellitus, alcohol intake, 
psychosocial stress and depression are also significantly associated with the risk of stroke 
(O’Donnell et al., 2010).  
Many of the stroke risk factors are on the rise and this increase could be attributed to the 
general population decline in physical well-being (Hidaka, 2012). The modern-day living style 
could potentially be a contributing factor to this decline since physical inactivity and poor diet 
are promoted, people don’t get enough sleep and sun exposure, and increasingly experience 
depressive symptoms (Hidaka, 2012). 
Another external risk factor for cardiovascular diseases correlated to the modern lifestyle is air 
pollution, according to the World Health Organisation. In 2014, up to 90% of the population in 
cities were exposed to fine particulate matter in concentrations exceeding WHO air quality 
guidelines. Also, household air pollution due to cooking with unclean fuels is another important 
risk factor for stroke (WHO 2016 report). Around 35% of deaths attributable to household and 
ambient air pollution were from a stroke in 2012 (WHO 2016 report). 
1.1.3 Increasing stroke numbers 
The numbers of strokes and people affected by stroke are expected to significantly increase 
in the following decades, resulting from the longer lifespan and improved stroke care, together 
with the population growth and increase of main stroke risk factors (Feigin et al., 2017). 
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1.1.3.1 AGEING POPULATION 
Word population changed significantly in the past decades. Today people live longer, have 
fewer children and are overall healthier than 70 years ago. These trends are expected to 
continue in the following decades. As a result, the global population is ageing.   
There are clear changes in the population structure from 1950 until 2017. The total number of 
people increased dramatically, from 2,5 million in 1950 to 7,5 million in 2017, and the 
population distribution shifted more towards the middle age range. If these population 
tendencies continue, it is expected that around 25% of the population will be above the age of 
65 by the year 2050 (Figure 1), with the expected population size of over 9 million people. 
There is a more drastic age shift in the developed countries, while in developing countries the 
number of young people is still high and life expectancy is much lower. Reasons for this are 
different lifestyles, differences in healthcare access and the quality of life. 
 
Figure 1: World population structure in 1950, 2017 and 2050 (United Nations, Department of Economic 
and Social Affairs, Population Division (2017). World Population Prospects: The 2017 Revision. The 
data are in thousands or millions.) 
Although the changes in the world population predict that people will live longer and healthier 
in the coming decades, ageing population will inevitably bring an increase in the ageing-
associated diseases, such as cancer, arthritis, cardiovascular disease, atherosclerosis, 
osteoporosis, type 2 diabetes, hypertension and Alzheimer's disease (Prasad & Akbar, 2018). 
Stroke, as a disease that predominantly occurs above the age of 65, is one of the most 
common ageing-associated diseases and the demographic change is one of the main reasons 
for the growing stroke numbers. This growth is expected to continue over the next decades 
since the stroke incidence is closely related to advanced age (Bejot, Delpont & Giroud, 2016). 
Advanced age doesn’t only affect the stroke numbers, but also the functional outcomes and 
the ability to live independently after a stroke. Younger stroke survivors are more likely to 
recover, while relative improvement decreases with increasing age (Kugler, Altenhöner, 
Lochner & Ferbert, 2003). Data from the Austrian Stroke Unit Registry of 43,163 patients had 
shown that the age group of 18-35 years has the highest probability for a good outcome, with 
this probability gradually declining until the age of 75 and steeply declining afterwards 
(Knoflach et al., 2012). Stroke survivors in the advanced age often suffer from additional age-
related disabilities and comorbidities that could be the main reason for poor outcomes (Ween, 
Alexander, D’Esposito & Roberts, 1996). Because of the lower possibility for recovery, older 
adults often fail to regain independence and, in some cases, require long-term care.  
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1.1.3.1.1 INCREASE OF RISK FACTORS IN YOUNG POPULATION 
Simultaneously with the demographic change and increasing incidence in the aged population, 
stroke numbers are growing in the younger population. Smoking, dyslipidemia and 
hypertension are considered as the main risk factors for stroke in the young population (under 
the age of 50) (Putaala et al., 2012), together with hypoplastic posterior circulation and 
migraine (Chatzikonstantinou, Wolf & Hennerici, 2012). Increasingly widespread use of 
recreational drugs is one of the factors significantly contributing to stroke incidence in the 
younger population (Martin, Enevoldson & Humphrey, 1997; Westover, McBride & Haley, 
2007). Since the use of certain drugs can cause both ischemic and hemorrhagic stroke, the 
contribution of this risk factor to the overall burden of stroke in the young is significant (Kaku & 
Lowenstein, 1990). 
The reasons for the steady growth of stroke numbers in the young population are not yet 
completely clear. The increase of the risk factors could be one of the potential reasons. In high-
income countries, a rise in the prevalence of type 2 diabetes mellitus, hypercholesterolemia 
and obesity has been observed (Bejot et al., 2016). These conditions are major risk factors for 
stroke in both young and elderly population (Chatzikonstantinou et al., 2012). Additionally, 
cigarette smoking and alcohol abuse are increasingly frequent in young people. The effect of 
other factors, such as air pollution, is not clear and needs to be explored further. 
1.1.4 Stroke incidence 
Annually, around 15 million people worldwide suffer a stroke (WHO 2016 report). Around 10% 
of stroke survivors recover almost instantly, 25% suffer minor impairments, 40% experience 
moderate to severe impairments requiring special care, 10% require care in a nursing home 
or other long-term care facility and 15% die shortly after the stroke (Sabbagh & Nair, 2014).  
In the twenty years between 1990 and 2010, stroke incidence in developed countries declined 
by 12% and increased by 12% in developing countries, while the mortality rates decreased 
significantly in both developed and developing countries (Feigin at al., 2014). In 2010, there 
were 33 million of stroke survivors, 16 million of people with the first stroke and around 5 million 
people died from a stroke, which is a significant increase since 1990 (Feigin at al., 2014). The 
number of stroke survivors, stroke deaths and overall burden of stroke are immense and 
increasing worldwide, although the stroke incidence, prevalence, mortality, and disability-
adjusted life-years rates decreased between 1990 and 2010 in the developed countries (Feigin 
et al., 2017). In the following decades, it is expected that the population ageing will outweigh 
the overall declining numbers in age-standardized incidence rates (Stevens, Emmett, Wang, 
McKevitt & Wolfe, 2017). This phenomenon will, together with the increasing numbers in the 
younger population, lead to a constant increase in stroke numbers worldwide and the global 
burden of stroke. 
Stroke is a disease with a significant impact on the world population. The persisting and, in 
many cases, permanent disability represents the true burden of stroke, rather than high 
incidence and mortality rates (Norrving & Kissela, 2013). The burden of stroke is expressed in 
disability-adjusted life years (DALYs), where one DALY signifies the loss of one year of healthy 
life and is calculated by combining the number of years of life lost to premature mortality with 
the number of years lost to disability (Murray, Lopez & Jamison, 1994). Worldwide in 2010, 
roughly 52 769 70 deaths and about 99 615 400 DALYs were due to a stroke (Murray et al., 
2010). It is estimated that there will be around 12 million stroke deaths, 70 million stroke 
survivors, and more than 200 million DALYs lost globally by 2030 if the current trends continue 
(Feigin et al., 2014). 
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Stroke is one of the most common causes of disability in the adult population and the third 
most common cause of DALYs lost globally (Figure 2) (Feigin et al., 2017). It was also identified 
as the third most common cause of disability in population above the age of 65 in the 
international survey of 11 middle- and lower-income countries (Sousa et al., 2009). Stroke 
could have also been a significant contributing factor in the second leading cause of disability: 
paralysis or weakness of limbs, as acknowledged by the authors of the survey. When looking 
at the high numbers of people that experience disabilities caused by a stroke in low-income 
countries, the data indicates that the reported rates of stroke, stroke-related mortality and 
stroke-related disability may have been underestimated because of the numerous limitations 
of stroke disability studies in these countries (Norrving & Kissela, 2013). In many regions of 
the world, stroke incidence data are still very old or non-existent (Thrift et al., 2017). 
 
Figure 2: Proportional contribution (%) of age-standardized disability-adjusted life-years (DALYs) from 
stroke to total DALYs in 2013 (Adapted from Global burden of stroke by Feigin et al., February 3 2017, 
retrieved from http://circres.ahajournals.org/, Copyright 2017 by American Heart Association, Inc.) 
The differences in stroke incidence, mortality rates and general burden of stroke-related 
disability between developed and developing countries could be attributed to health care 
accessibility, resource availability, as well as social and cultural beliefs and expectations 
(Norrving & Kissela, 2013). Another contributing factor is the difference in treatment of patients 
with stroke, which often varies considerably even within one country, with the largest disparity 
between urban and rural areas (Norrving & Kissela 2013) 
Even in developed regions, such as Europe, stroke remains a devastating disease despite 
better outcomes in stroke survivors that resulted from the major management improvements 
over the recent decades (Béjot, Bailly, Durier & Giroud, 2016). Only a few dedicated studies 
on stroke prevalence have been conducted in Europe and the data on stroke outcomes are 
not consistent and uniform (Stevens et al., 2017). Although the incidence is showing a stable 
or declining trend in most of the European countries, the dramatic increase in the number of 
stroke cases is expected during the first half of the 21st century (Béjot et al., 2016). It is 
predicted that there will be an increase of 34% in the total number of stroke events between 
2015 and 2035 in the European Union, with different increase predicted for each country based 
on their demographic projections (Stevens et al., 2017). The largest increase in stroke numbers 
procentually is predicted for Luxembourg (78%) and the largest increase in absolute stroke 
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numbers is predicted for Poland (26,807) (Figure 3). Germany, as the most populated country 
in the European Union, will continue to have the highest number of stroke survivors in Europe.  
 
Figure 3: Estimated number of strokes in 2015 and 2035 in EU countries (Adapted from The Burden of 
Stroke in Europe report by Stevens et al.., 2017, retrieved from https://strokeeurope.eu/, Copyright 2017 
by Stroke Alliance for Europe) 
1.1.4.1 SUMMARY 
Stroke is a sudden and devastating disease caused by the sudden interruption in the blood 
supply of the brain. Due to the increasing risk factors and the continuing demographic change, 
stroke numbers worldwide are growing. Germany, as a country with the second oldest 
population in the world, is at particular risk of a large number of new stroke survivors in the 
coming years. The major reason for the high burden of stroke on the society and individuals is 
the consequent, often lifelong, complex disability. In many cases, this disability can be reduced 
or eliminated during the stroke recovery process. 
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1.2 Stroke recovery process 
Since stroke is a complex health condition, the recovery process can be different for each 
individual. This process can also greatly vary among different countries, depending on the 
accessibility of health care, availability of resources and differences in treatment systems 
(Norrving and Kissela 2013). Although minor differences can sometimes exist, general 
characteristics of the recovery process are similar for stroke survivors in developed countries. 
The majority of patients that suffer a stroke go through several stages in their recovery, starting 
from the hospital and ending by returning to their own home or, in some cases, being 
transferred to a long-term care facility. Even though significant improvements have been made 
in the medical management of stroke, most post-stroke care will continue to rely on 
rehabilitation interventions in the absence of a widely applicable or effective medical treatment 
(Langhorne, Sandercock & Prasad, 2009). 
1.2.1 Rehabilitation 
After the stroke onset, the first location where patients receive care is usually the hospital, 
since stroke is a serious life-threatening condition. If the patient is brought to the hospital within 
the first 60 minutes after the onset, the outcomes are significantly better in all patients, 
regardless of age and pre-existing comorbidity (Saver et al., 2010). In the first 24 hours after a 
stroke, the danger to have another stroke is high and stroke patients are usually monitored in 
an emergency room. Afterwards, they are commonly transferred to a stroke unit where they 
spend most of their time in their bed and their vital functions are closely monitored in the first 
one to three days.  
Not all patients continue with rehabilitation. The patients who have minor impairments do not 
require intensive therapy and they usually continue their recovery as outpatients. Stroke 
survivors who come from a care home, often have a worse pre-state and have no potential for 
further rehabilitation, so they are typically not transferred to rehabilitation facilities. Only the 
patients that have the potential for recovery and that are in a stable vital condition continue 
their recovery through rehabilitation. 
Rehabilitation is based on the two principles: that continued gains can be made from 
progressive and skilled motor practice that engages the attention and learning networks of the 
brain and that the central nervous system is capable to some degree of re-organising itself to 
recover the impaired motor and cognitive functions (Dobkin & Dorsch, 2013). This process 
usually involves a multidisciplinary team that provides an organised care package for stroke 
patients (Stroke Unit Trialists' Collaboration, 2007). The multidisciplinary team includes 
professionals from different disciplines that increase the effectiveness of the rehabilitation 
process and that address different post-stroke symptoms (Clarke & Forster, 2015).  
1.2.1.1 DISABILITY MEASUREMENT SCALES 
To monitor the health condition of patients, the severity of their disability and the recovery 
progress during rehabilitation, hospitals and rehabilitation facilities use standardized 
measurement scales. The two most commonly used measurement scales for post-stroke 
disability are the Barthel Index and the modified Rankin Scale (Cioncoloni, et al., 2012). 
Modified Rankin scale measures global independence (Rankin, 1957; Van Swieten, Koudstaal, 
Visser, Schouten & van Gijn, 1988) and the Barthel Index measures the performance in the 
activities of daily living (ADL) (Mahoney & Barthel, 1965). The results of the measurement 
scales are monitored over time to check for the functional improvements, for the degree of 
continued disability and to predict the potential level of functional recovery (New & Buchbinder, 
2006; Quinn, Langhorne & Stott, 2011; Quinn, Harrison & Mcarthur, 2013). 
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Barthel Index (BI) is an ordinal scale. Each performance item is rated on this scale with a given 
number of points assigned to each level or ranking and the points are then summed up for a 
final score (Mahoney & Barthel, 1965). It uses ten variables describing basic ADL (self-care) 
and mobility, such as walking, feeding, bathing, grooming, etc. (Figure 4). The maximum 
number of points on this scale is 100. The Modified Rankin Scale (mRS) measures the degree 
of disability and dependence after a stroke on a scale from 0 (no symptoms) to 6 (dead) (Figure 
5).  
The usage prevalence of these scales can vary between countries and also between specific 
healthcare facilities. The modified Rankin scale is the most widely used outcome measure in 
stroke treatment, but the BI scale is the most commonly used functional measure in stroke 
rehabilitation settings (Quinn et al., 2013).  
 
Figure 4: Barthel Index (adapted from Mahoney & Barthel, 1965) 
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Figure 5: Modified Rankin scale (Adapted from Rankin, 1957 and van Swieten et al. 1988) 
1.2.1.2 REHABILITATION AIM 
Rehabilitation is: “the physical restoration of a sick or disabled person by therapeutic measures 
and re-education to participation in the activities of normal life within the limitations of the 
person's physical disability“ (Rehabilitation, n.d.). The main goal of rehabilitation is, therefore, 
to return the stroke survivors to their normal lives and to restore as much as possible of the 
abilities they had before the stroke. The long-term goal of rehabilitation is to improve function 
so that the stroke survivor can become independent in daily activities (ADL). Patients and their 
multidisciplinary care teams usually together set the individual rehabilitation goals to progress 
towards recovery (Rosewilliam, Roskell & Pandyan, 2011). Medical professionals that continue 
home rehabilitation with the patients find that visiting their homes and learning about their daily 
life helps them to form rehabilitation strategies (Wottrich, von Koch & Tham, 2007). 
In many cases, a stroke will leave permanent physical and cognitive impairments. 
Rehabilitation process motivates the stroke survivors to relearn basic skills that the stroke had 
impaired, such as walking, eating, cooking, bathing and dressing. It also teaches them to live 
and function with newly acquired impairments and to re-enter their normal daily social and 
work life, sometimes with the assistance of various aids. One of the first and most important 
goals of stroke rehabilitation is the recovery of mobility and, when possible, walking function.  
1.2.1.3 IMPORTANCE OF INDEPENDENT MOBILITY  
Mobility in a medical context was defined as the ability to move purposefully in one's own 
environment independently with or without an assistive device (nursing outcome from the 
Nursing Outcomes Classification (NOC), mobility: Mosby's Medical Dictionary). In 
rehabilitation facilities, mobility became a parameter for evaluating the progress of recovery. 
When the patients regain independent mobility, it is considered that their recovery is 
progressing well and that they are on the way towards independence. For this reason, both 
patients and physicians emphasize motor activity training as the highest priority during 
rehabilitation (Wottrich, Stenström, Engardt, Tham & Von Koch, 2004). Stroke patients 
consider that they can become more “normal“ and independent through physical rehabilitation 
(Lewinter & Mikkelsen, 1995) and walking is regarded as the most common goal of 
rehabilitation (Maclean, Pound, Wolfe & Rudd, 2000). For many survivors, independent 
mobility is the primary goal of their recovery process (Smith & Baer, 1999). For this reason, 
many patients report the main recovery goals linked to activity and participation (Gustafsson 
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& McLaughlin, 2009). Furthermore, patients in rehabilitation often report needing more training 
and intensity in their physical rehabilitation sessions to maximise recovery, expressing that 
such activity is for the purpose of enhancing and speeding recovery (Cowdel & Garrett, 2003). 
Many patients feel like they have regained control and made significant rehabilitation progress 
only after the recovery of functional abilities, for them regaining autonomy signifies recovery 
(Luker, Lynch, Bernhardsson, Bennett & Bernhardt, 2015).  
The review of 14 studies on the effect of augmented exercise therapy on the outcome of gait 
and gait-related activities (Veerbeek et al., 2013) found small to moderate positive effect on 
walking ability and comfortable and maximum walking speed. Other studies show as well that 
when patients spend more time in therapy, their functional recovery is positively affected 
(Langhorne, Wagenaar & Partridge, 1996; Esmonde, Mcginley, Wittwer, Goldie & Martin, 
1997; Kwakkel, Wagenaar, Koelman, Lankhorst & Koetsier, 1997; Kwakkel et al., 2004). The 
buildings of rehabilitation clinics could, therefore, offer a supportive place for patients to move 
and exercise their mobility, complementing the therapies and helping the patients’ 
rehabilitation progress. 
1.2.1.4 PLACES OF REHABILITATION 
Since mobility is one of the main abilities that separates people with impairments and able-
bodied people, it is an important factor to consider in the built environment. Often the designed 
spaces are experienced as disabling because they don’t allow for mobility of different kinds of 
people. This can especially be the case in rehabilitation facilities. The organisation of these 
buildings is often complex and spread over a large surface and several floor levels. Patients 
need to get used to their sudden loss of mobility and the use of necessary mobility aids very 
quickly since they are often expected to move independently in the clinic and go to therapies 
on their own. Many patients are not able to do this and they become dependent on the staff 
members to bring them to therapies, resulting in the feeling that they lost control of their lives, 
in many cases leading to common depressive symptoms (Luker et al., 2015). Mobility in the 
context of the recovery process is, therefore, one of the crucial rehabilitation goals to 
investigate. When examining the recovery of independent mobility in stroke patients, it is 
necessary to differentiate the various physical settings where rehabilitation can take place. 
Rehabilitation already starts in a hospital, shortly after the stroke onset (Hayes & Carroll, 1986). 
The results of a review of 28 clinical trials, involving 5855 participants, indicate that care in an 
inpatient stroke unit results in fewer deaths, less disability, and less need for institutionalization 
in nursing facilities, as compared with hospital care on general wards (Langhorne, 2013). 
Additionally, more-organised care was consistently associated with improved outcomes.  
In stable patients, rehabilitation may begin within two days after the stroke has occurred and 
should be continued as necessary after release from the hospital. Very early mobilization 
(therapy within the first 36 hours from a stroke) had given positive results on the later 
independence levels of stroke patients (Craig, Bernhardt, Langhorne & Wu, 2010).  Many 
patients receive first therapy sessions in their bed because of the common one-sided 
weakness caused by stroke and because of their inability to get out of bed. As their health 
state progresses, the therapies can be moved to the therapy rooms or the corridor. After the 
hospital stay, patients are transferred to another type of rehabilitation facility or they return 
home. 
Rehabilitation after stroke can take place in several different healthcare facilities: 
- A rehabilitation unit in the hospital with inpatient therapy;  
- A rehabilitation clinic with inpatient therapy;  
- Home-based therapy;  
- Outpatient therapy while living at home; 
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- A long-term care facility that provides therapy and skilled nursing care. 
Where the rehabilitation of a particular patient will be based depends not only on the stroke 
severity but also on the patient’s independence level, the potential for recovery and age. During 
rehabilitation, stroke patients will receive various types of therapy to restore the impaired and 
lost functions due to a stroke. These therapies include physical therapy, speech therapy, 
occupational therapy, etc. 
Inpatient rehabilitation is performed during the patient’s stay in a rehabilitation clinic or a 
rehabilitation unit in a hospital. There is significant evidence that focused stoke care provides 
better functional outcomes than general hospital care, but these studies were conducted 
mostly in stroke units (usually special wards for acute treatment in general hospitals). The 
other type of healthcare facility where patients undergo rehabilitation are rehabilitation clinics, 
whole buildings with multidisciplinary teams and a variety of treatment facilities that focus solely 
on rehabilitation.  
If the patient has only minor impairments after a stroke, outpatient or home rehabilitation could 
be an alternative option. Outpatient therapy means that the patient is living at home and 
travelling to a rehabilitation facility to receive therapies several times per week. This differs 
from home-based therapy, where the patient stays at home and therapists come to perform 
therapy in the home environment. Nursing facility rehabilitation is rehabilitation performed 
during a stay in a nursing facility. 
It is crucial that the therapy starts as soon as possible after the admission to a hospital because 
most functional recovery after a stroke occurs within six months after the stroke onset (Branco, 
Oliveira, Sargento-Freitas, Laíns & Pinheiro, 2018). The most significant improvements are 
observed in the first three months, and the recovery slows down between the third and sixth 
month of recovery (Lee et al., 2015). Some recovery can still be achieved within the first 2 
years and beyond, but significant improvement is not common for the majority of patients. 
Since most recovery is achieved shortly after the stroke onset, providing intensive therapy in 
this period will accomplish the best possible functional and motor recovery. 
There is an ongoing debate on whether rehabilitation at home is more beneficial for stroke 
patients than rehabilitation in a healthcare facility. Although patients rehabilitated in inpatient 
settings often achieve better motor, functional, and cognitive outcomes (Özdemir, Birtane, 
Tabatabaei, Kokino & Ekuklu, 2001), home-based rehabilitation is associated with shorter 
hospital length of stay (Anderson et al., 2000), better emotional support and higher level of 
independence (von Koch, de Pedro-Cuesta, Kostulas, Almazan & Holmqvist, 2001). There are 
also research studies that provide evidence of no significant difference in outcome between a 
rehabilitation facility and home-based rehabilitation (Anderson et al, 2000; von Koch et al., 
2001).  
Since most of the studies involve a relatively small sample of the home rehabilitation group 
(less than 100 participants), there might be potential differences in outcomes and benefits that 
would only be manifested in a larger-scale trial. At present, no study has demonstrated the 
definitive higher efficiency and superiority of one rehabilitation setting over the other. The 
disadvantage of the home-based rehabilitation could likely be the added burden on the family 
members that need to constantly be present and take care of the stroke survivor. In case that 
patients require regular physician care, need of skilled nursing services and multiple 
therapeutic interventions, it is recommended that they continue their rehabilitation in an 
inpatient setting (Duncan et al., 2005).  
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1.2.1.5 STROKE PATIENTS’ EXPERIENCE IN REHABILITATION 
The review of 31 qualitative studies of stroke survivors’ experiences by Luker et al. (2015) 
found that stroke patients in rehabilitation often have negative experiences and report 
frustration and disempowerment which come from the loss of control after a stroke and losing 
autonomy and ability to perform usual daily activities. Boredom during free time was also 
reported by patients in rehabilitation. Although patients feel bored and wish for more physical 
activity, one of the reasons for their inactivity is overwhelming fatigue and the fear of activity 
because of the fear of injury (Luker et al., 2015). The stroke patients also consider recreational 
activities as additional rehabilitation that will help them recover faster. Patients in rehabilitation 
generally show depressive symptoms and feel dependent on others, but their state gradually 
improves during the rehabilitation process and when they regain independence (Proot, Abu-
Saad, Esch-Janssen, Crebolder & ter Meulen, 2000). Re-integration into the home and work 
environments is usually the main motivator for rehabilitation (Erikson, Park & Tham, 2010). 
People with stroke are commonly not considered as active in their response to stroke, but 
rather as passive and enduring (Pound, Gompertz & Ebrahim, 1999). Although stroke survivors 
are considered as passive victims, this is usually not the case. Pound et al. (1999) identified 
six ways in which people actively and creatively coped with the consequences of stroke after 
the acute phase, by: mobilising informal social support; creating new ways of doing things; 
taking things more slowly; beginning the process of relearning; exercising and ”covering up“. 
These strategies were identified in interviews with stroke survivors that already returned home 
and were learning how to cope with life after a stroke. 
1.2.1.6 DISCHARGE FROM REHABILITATION 
The duration of rehabilitation depends on multiple factors, such as the healthcare insurance 
agency’s policy, patient’s potential for further recovery, the achieved level of independence, 
etc. Although most of the recovery occurs in the first months after a stroke, continuous exercise 
is necessary to maintain the motor and cognitive functions. For many stroke survivors, full 
recovery to the physical state before a stroke is not possible. These patients must learn how 
to function in normal daily life with the use of different kinds of aids, such as mobility aids, 
bathroom grab bars or special eating utensils.  
Because the majority of stroke survivors are in the age group above 65, they usually suffer 
from other age-related conditions combined with stroke. Even in the younger group of stroke 
survivors, the range and complexity of physical and cognitive impairments is higher than from 
any other condition. These patients often need to rely on assistive devices such as a 
wheelchair or walker to perform daily activities, they experience vision problems, concentration 
problems, fatigue and many more different post-stroke conditions. This makes stroke survivors 
a unique and very heterogeneous group whose spatial needs might differ from other users. 
Their complex disabilities are rarely addressed in the home and urban environment, which 
causes significant difficulties in their daily life. Although the final goal of rehabilitation is 
returning home and continuing with normal life, some stroke survivors have a difficult time 
adjusting to living with their acquired impairments. The quality of life after a stroke decreases 
in the majority of cases compared to life quality before the onset of the disease (Ahlsio, Britton, 
Murray & Theorell, 1984). The reasons for this are potentially the internal physical and 
psychological factors, as well as the external factors that disable the stroke survivors to lead a 
normal and satisfying life. 
1.2.1.7 QUALITY OF LIFE AFTER REHABILITATION  
There a considerable shortage of studies that examine the quality of life after the stroke 
rehabilitation process. Although the research studies that exist come from different countries, 
where the stroke care concept and the home and social environments might be different, they 
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portray a similar picture of how life after stroke ordinarily looks like. The common issues that 
stroke survivors encounter are found to be the declining psychological health, low levels of 
physical activity and encountering barriers in the built environment.   
1.2.1.7.1 PSYCHOLOGICAL HEALTH 
One of the major psychological conditions that is a common consequence of stroke is 
depression. Stroke survivors are a group more prone to depression due to their disease and 
older age (Lenzi, Altieri & Maestrini, 2008). In the review on post-stroke depression (PSD) 
studies by Gaete Moncayo & Bogousslavsky (2008) it was discovered that approximately a 
third of stroke survivors experienced symptoms of depression after a stroke and that these 
symptoms usually developed between six months and two years after a stroke. Furthermore, 
they identified several studies that link the depressive disorders to the delays in stroke 
rehabilitation and the increase in functional dependence. Post-stroke depression is often a 
result of the stroke survivors’ condition, newly acquired physical or cognitive impairments, 
being unable to perform normal daily activities and the disabling environment that doesn’t 
support them in their daily activities. 
Two studies from Sweden investigated the influence of space on the psychological health of 
stroke patients in a qualitative manner, through interviews with stroke survivors, aiming at 
understanding the personal spatial experiences of patients that suffered from a stroke 
(Lampinen & Tham, 2003; Erikson et al., 2009). They have found that the stroke survivors’ 
relationship with familiar environments, such as their home, changes and that home is 
experienced as unfamiliar and confusing after a stroke. This change might be due to the newly 
perceived and experienced barriers in the built environment, resulting from remaining post-
stroke impairments.  
1.2.1.7.2 BARRIERS IN THE BUILT ENVIRONMENT 
Rehabilitation is often not sufficient to prepare the patients for going back to their home and 
community environments and their old home and urban environments can pose significant 
barriers after the discharge from a hospital or rehabilitation facility. An Australian research 
study found a difference in the patients’ walking performance indoors after the inpatient 
rehabilitation and the walking performance in their community after discharge. While the large 
majority of the study sample (81%, n=124) was able to walk indoors without assistance, only 
a quarter of those patients had the physical capacity for 4 skills required to walk independently 
in the community after discharge (Blennerhassett, Levy, Mackintosh, Yong & Mcginley, 2018). 
The results of another research study from the USA (Washington) show that stroke survivors 
were more likely to avoid specific dimensions in the community environment than the physically 
able older adults (Robinson et al., 2013).  
The research studies that examined the types of encountered barriers in the community 
environments were heterogeneous and coming from both developed and developing countries 
(USA, UK, Jordan, Rwanda). Although there are significant disparities in the way the urban 
environment is designed in these countries, as well as in their cultural and social environments, 
the identified barriers encountered by stroke patients have certain commonalities. In the 
research results from USA, Jordan and Rwanda, the terrain was highlighted as one of the main 
barriers stroke patients encounter (Hawamdeh, Hamed & Al-Yaya, 2015; Robinson et al., 
2013; Urimubenshi & Rhoda, 2011). The long distances were emphasized as a significant 
barrier in the USA study (Robinson et al., 2013) and the poor physical access (Brookfield &  
Mead, 2016) and the absence of appropriate facilities, mainly accessible toilets (Brookfield & 
Mead, 2016; Urimubenshi & Rhoda, 2011) were the additional identified barriers in the UK and 
Rwanda. A focus group study by Brookfield and Mead (2016) revealed that stroke patients in 
the UK have a great interest in frequently visiting “enjoyable environments“, such as theatres, 
18  
parks, cinemas and cafes, but that these spaces were often not physically accessible. In this 
case, the built environment itself became disabling for patients, in addition to their disease. By 
not being able to visit the places they want, patients are excluded from the urban environment 
and less active in the result.  
All of the presented studies focus on the activity levels and barriers in the community 
environment, but the stroke patients can often encounter mobility and activity barriers even 
within their own homes. Several research studies examined the most common barriers 
experienced by stroke survivors inside their homes. The analysis of the National Health and 
Aging Trends Study (NHATS) data from the USA found that indoor tripping hazards were 
associated with the greater prevalence of falls in the home environment, but these tripping 
hazards were not clearly specified (Wing, Burke, Clarke, Feng & Skolarus, 2017). Another 
study from Canada (Toronto) identified stair access and insufficient dimensions as the main 
barriers encountered in the home environment (Reid, 2004). Similar results were found in the 
study of stroke survivors’ homes in rural China, where step surface and step depth, as well as 
the lack of handrails in the bathroom, were the main identified barriers (Zhang, Yan, You, Li & 
Gao, 2016). 
To mitigate the common barriers in the home environment, such as stair access and lack of 
handrails, certain modifications inside the stroke survivors’ homes can be made. The scarcity 
of research studies focusing on the home modifications after a stroke leaves an unclear picture 
on how many patients require these modifications and what kind of changes they include. One 
study from Denmark found that 75% of stroke patients needed an assistive device such as a 
wheelchair or a walker and/or home modifications such as grab bars, threshold/entrance/level 
changes and slip-resistant floor surfaces after the discharge (Sørensen, Lendal, Schultz-
Larsen & Uhrskov, 2003). Hence, home modifications might be the very needed help for stroke 
patients returning home after rehabilitation to assist them in their daily life and activities, but 
the exact knowledge on the prevalence and characteristics of these modifications is still 
lacking. 
1.2.1.7.3 LOW LEVELS OF PHYSICAL ACTIVITY 
The barriers in the built environment, the acquired post-stroke impairments, their psychological 
state after rehabilitation and, in most cases, the older age of stroke survivors could all 
potentially contribute to their low activity levels. Major stroke consequences are disability and 
fatigue, so it becomes increasingly difficult for patients to remain physically active as they get 
older. At the same time, the built environment of their homes and living surroundings creates 
barriers to activity. Stroke patients in Canada reported that home environment doesn’t support 
them in all household activities (Reid, 2004) and the already mentioned research study on 
community walking from Washington, USA revealed that stroke survivors are in general less 
active than the individuals of same age without stroke when interacting with the urban 
environment (Robinson et al., 2013).  
Since physical activity is beneficial for stroke survivors’ well-being and psychological health, 
the features of the built environment that motivate and facilitate activity are important to identify. 
Although this is an important topic, the research studies on the mobility facilitators in urban 
and home environments are still scarce. Activity facilitators in the home environment could be 
spatial features that help and support stroke survivors in indoor mobility, performing household 
activities and going out of the house. Some of these facilitators could be added through home 
modifications after discharge from rehabilitation to help the survivor perform the daily activities 
easier, but it is not certain that these modifications would also increase their activity levels. The 
same is true for the facilitators in the community environments, where the evidence on activity 
motivating spaces and spatial features is missing. The results of a focus group research study 
in the UK indirectly mention “enjoyable environments” that have appropriate and accessible 
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facilities as activity facilitators (Brookfeld & Mead, 2016), but these types of environments are 
not clearly specified or analysed. Thus, the factors influencing the low levels of physical activity 
in stroke survivors after discharge, as well as the potential activity facilitators in their home and 
community environments, need to be further examined. 
1.2.1.8 SUMMARY 
To recover the lost functions, patients go through a challenging rehabilitation process, often 
failing to regain the impaired motor and cognitive functions. They commonly experience 
frustration and loss of control during rehabilitation, as a result of losing autonomy and ability to 
perform usual daily activities. Consequently, life after a stroke is often characterized by low 
physical activity and declined psychological health. The built environment is commonly 
experienced as inaccessible and hindering after a stroke, potentially contributing to the low 
activity levels and post-stroke depression. The built environment of rehabilitation facilities, 
where stroke patients usually undergo rehabilitation, can differ between different countries, 
together with the stroke care organisation.  
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1.3 Specifics of stroke care in Germany  
Stroke care in Germany differs from other countries in particular aspects, such as the strictly 
defined phase rehabilitation system. The specifics of stroke incidence and stroke recovery 
process in the German setting are presented in order to introduce the distinct context for this 
research study. 
1.3.1 Incidence 
As highlighted in 1.1.4 Stroke incidence, Germany, similarly to other developed countries, 
faces a higher risk for having an aged population, which is one of the most significant causes 
of increasing stroke numbers. This phenomenon is already highly visible in Europe and is 
expected to develop in the coming years (Bejot et al., 2016). In Germany, the demographic 
change is even more drastic compared to the world population shifts. Rapidly increasing life 
expectancy and the fertility decline are the main reasons for the dramatic ageing of the German 
population (Kluge, Zagheni, Loichinger & Vogt, 2014). Germany’s population is already the 
second oldest worldwide, with the median age of 45,9 years (United Nations World Population 
Prospects: The 2017 Revision). The drastic increase in the old-age dependency ratio is 
expected to occur between 2020 and 2040, which makes Germany ahead of most world 
countries in terms of ageing (Kluge et al., 2014). It is expected that around 30% of the German 
population will be over 65 years old in 2050 (Figure 6).   
 
Figure 6: The population structure in Germany in 1950, 2000 and 2050 (United Nations, Department 
of Economic and Social Affairs, Population Division (2017). World Population Prospects: The 2017 
Revision. The data are in thousands or millions.) 
The data on the stroke numbers from Germany are not consistent throughout the years since 
there was no unified database on the level of the whole country. Although some states within 
Germany had their various local registers, the full overview of the stroke incidence was not 
existing. Only in recent years, the data on stroke incidence in Germany is more homogenous 
and it is possible to make comparisons with other countries and to track changes over time. 
The lack of nation-wide study on the stroke numbers in Germany makes it difficult to assess 
the historical changes in stroke incidence. In 1999, German Stroke Registers Study Group 
(ADSR) was founded to monitor the quality of acute care in Germany, consisting of nine 
regional registers: Bavaria, Baden-Württemberg, Berlin, Hamburg, Hesse, North Rhine, 
Northwest Germany, Rhineland-Palatinate, and Schleswig-Holstein. This group today enables 
consistent data on stroke numbers. 
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Before the foundation of the ADSR and before all German states became consistent in 
updating the stroke data, the two focused studies on the stroke prevalence and incidence from 
Erlangen, Bavaria and Ludwigshafen am Rhein aimed at creating the first population-based 
stroke registers in Germany. The Erlangen Stroke Project (ESPro) was a prospective 
community-based study among the 101 450 residents of the city of Erlangen, Bavaria from 
1994 to 1996 (Kolominsky-Rabas et al., 1998). The Ludwigshafen Stroke Study was a 
prospective population-based stroke register among the 167 906 inhabitants of Ludwigshafen 
am Rhein in 2006 and 2007 (Palm et al., 2010).  
The Erlangen stroke project was a first prospective community-based stroke register and it 
revealed 354 first strokes during two years of registration, which is a consistent result with 
similar population-based studies in other western countries (Kolominsky-Rabas et al., 1998). 
The incidence of the first-ever stroke in the city of Ludwigshafen am Rhein was significantly 
higher in the age groups from 45 to 54 and 55 to 64 years than in other recently published 
registers from Central and Western Europe (Palm et al., 2010). In the two years of registration 
(2006 and 2007), 725 first stroke cases were identified, with a total of 1231 cases with stroke 
or transient ischemic attack (Palm et al., 2010).  The reason for higher than usual incidence is 
not clear and the authors hypothesize that socioeconomic and associated lifestyle factors of a 
distinctly industrial city were potentially contributing to the relatively high local stroke incidence 
(Palm et al. 2010).  
The latest German data on the stroke numbers from the year 2015 show the stroke incidence 
of 88 922 strokes annually (Stevens et al., 2017). In the same year, stroke prevalence was 
524 774 stroke survivors, or 338,5 people per 100 000 inhabitants, age and sex-adjusted 
(Stevens et al., 2017). In the following years, it is expected that Germany will encounter a 
significant increase in the stroke numbers, consistent with the predictions for other European 
countries. The projections show that there will be an increase of 30% in stroke incidence, 19% 
in stroke prevalence, 40% in stroke-related deaths and 27% in total DALYs lost due to stroke 
until 2035 (Stevens et al., 2017). The new cases of ischemic stroke will increase the total costs 
of stroke care to 108,6 billion EUR at a present value until 2025, where the 37% of the costs 
will account for rehabilitation (Kolominsky-Rabas et al., 2006). It is expected that the number 
of stroke patients and the healthcare costs of strokes in Germany will rise continuously 
(Kolominsky-Rabas et al., 2006; Foerch, Misselwitz, Sitzer, Steinmetz & Neumann-Haefelin, 
2008). This rise will present a significant challenge for the population since stroke is a complex 
disease with an immense impact on not only stroke survivors, but also their families and 
caregivers. 
1.3.2 Neurological rehabilitation system 
Since stroke is a neurological disease, the recovery process of stroke survivors is a part of the 
neurological rehabilitation system. Other conditions that are being treated within the same 
rehabilitation system are spinal cord injuries, traumatic brain injuries, multiple sclerosis, 
Parkinson’s disease and similar. German neurological rehabilitation has specific 
characteristics that significantly differ from other developed countries.  
1.3.2.1 GENERAL CHARACTERISTICS 
German rehabilitation system for neurological diseases developed over time, based on 
professional practice and experience in treating different patients since the first rehabilitation 
approaches for brain-injured soldiers in World War I. After the 1950s, a new system of 
neurological rehabilitation started taking shape in Germany, focusing on different needs of 
patients in different stages of their recovery process. This complex rehabilitation system is 
today a model used by all rehabilitation clinics treating patients with neurological diseases. Its 
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main characteristics are a multidisciplinary team approach and the differentiation of 
neurological rehabilitation into several phases defined by specific treatment concepts and 
structural and procedural features (Schönle, 2000).  
The phase rehabilitation system that is in use today was derived from the Schmieder clinic’s 
phase rehabilitation concept from the 1950s (Schönle, 2000) and it is divided into six 
rehabilitation phases: A, B, C, D, E and F phase (Kliniken Schmieder, n.d.). The phase A 
signifies the acute phase, phases B, C, D and E are rehabilitation phases and phase F 
represents the long-term nursing care when the patient is not showing any more progress and 
is also not able to live alone. These rehabilitation phases take place in various healthcare 
facilities (Table 1). Patients are sorted into the phases based on their Barthel Index (BI) score 
(see 1.2.1.1 Disability measurement scales). Points on the Barthel Index scale indicate the 
level of the patient’s independence. A version of the Barthel Index scale, called “Early 
Rehabilitation Barthel Index“ (ERBI) is also commonly used in early rehabilitation in Germany 
to access parameters such as mechanical ventilation or tracheostomy for patients that are in 
early neurological rehabilitation and bed-confined (Rollnik, 2011).  
         Table 1: Rehabilitation phases 
Rehab. phase Treatment type Location 
Phase A Acute treatment Hospital (stroke unit) 
Phase B Early rehabilitation Rehabilitation clinic 
Phase C Early mobilization Rehabilitation clinic 
Phase D Follow-up treatment Rehabilitation clinic 
Phase E 
Aftercare and professional 
rehabilitation 
Rehabilitation clinic (outpatient) or 
patient’s home 
Phase F Long-term care Long-term care facility 
The rehabilitation phases are characterized by the location where they are performed: inpatient 
rehabilitation, outpatient rehabilitation, home rehabilitation and geriatric rehabilitation. The 
choice of the rehabilitation type depends on the health condition of the patients and the 
potential for their recovery. Patients’ recovery will often take place in several rehabilitation 
facilities as his health state progresses through the rehabilitation phases. In some cases, the 
patient will only participate in one type of rehabilitation, e.g. outpatient rehabilitation (phase E).  
In inpatient rehabilitation (phases B, C and D), patient lives at the clinics for several weeks to 
several months and receives daily therapies from a multidisciplinary team. Patients that have 
a higher level of independence take part in outpatient rehabilitation, staying at their own home 
and travelling to a rehabilitation clink to receive therapies (Phase E). If the physical 
impairments have receded to the point that an interdisciplinary approach is no longer required, 
but there are still functional limitations in certain areas, home-based treatment is provided by 
the respective competent therapist (e.g. physiotherapists, speech therapist). Patients who are 
in advanced age and who needed care because of the other age-specific comorbid conditions 
before the neurological condition will be transferred to geriatric rehabilitation. 
1.3.2.2 STROKE REHABILITATION 
In stroke rehabilitation, Phase A is an acute phase that usually starts in a hospital or a 
specialized stroke unit, immediately after the onset of stroke. There are currently 325 stroke 
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units certified by the German Stroke Society in the whole Germany (Deutsche Schlaganfall-
Gesellschaft, n.d.). Stroke survivors undergo medical examination and diagnostics, early 
mobilization, prevention and treatment of hypoxia, hyperglycemia, fever, dehydration and other 
complications and make first therapy steps in these facilities (Lichy & Hacke, 2010). After acute 
inpatient care, around 25% of stroke survivors are transferred to a rehabilitation facility 
(Heuschmann et al., 2010).  
The patients who require further rehabilitation can continue their recovery through phases B, 
C and D as inpatients in rehabilitation clinics, for several weeks to several months. Afterwards, 
they can become outpatients in the E phase. If the recovery until the level of independence is 
not possible, the patient is cared for by caretakers (usually family members) with the help of 
ambulant care services at home. When family care is not possible, the patient is usually 
transferred to a long-term care facility (phase F). 
There are significant differences between mobility levels and therapy types for patients in 
different rehabilitation phases. Patients in the B phase are often bed-confined and have 
functional impairments in the vital domain (Schönle, 1996). In the C phase, the main issue is 
the missing ADL competence and the patients in the D/E phase have limitations in the social 
and vocational competences (Schönle, 2000). Because of these differences, the rehabilitation 
process and rehabilitation goals are different for each phase. In the early rehabilitation phase 
(B), the first goal is for the patient to be stable without artificial ventilation support (Schönle, 
1996). After this goal is achieved, early rehabilitation can start. Patients in phase B receive 
most of the treatment in their rooms since they are usually bedridden. After the patient regains 
the ability to be mobile using a wheelchair, therapies are performed outside of the patient’s 
room. Mobile patients in phase B, together with patients from phases C and D, attend several 
therapies in different parts of the rehabilitation clinic each day of their stay in the clinic. Patients 
in phase E live at home and attend therapies as outpatients several times per week. 
Each of the phases brings different rehabilitation goals. The main aim of early rehabilitation is 
the stabilization of the patient and the early start of rehabilitation. Phase C is characterized by 
the goal to achieve higher levels of independence in the activities of daily living (walking, 
bathing, dressing, eating, etc.). Since patients in phase D are largely independent, the focus 
of their rehabilitation is the improvement of everyday life and work skills for a higher level of 
independence. The outpatient phase (E) is oriented toward social and vocational rehabilitation. 
Stroke patients in Germany stay in neurological rehabilitation clinics as inpatients for four to 
six weeks on average. During this time, the goal is to restore as much of the independence as 
possible. The rehabilitation treatment aims to enable stroke survivors to return to their previous 
social and professional environment, when possible. This can be achieved by improving 
physical functions that were lost after a stroke or by learning strategies on how to better cope 
with physical and cognitive limitations. By learning how to use assistive aids such as 
wheelchairs or walkers, it is possible to compensate for the patient’s physical limitations after 
a stroke. The final goal of stroke rehabilitation is to help those affected to find their way back 
into their individual social and professional lives. 
1.3.3 Neurological rehabilitation clinics as facilities 
The large portion of the rehabilitation process occurs in rehabilitation clinics and this building 
type has specific characteristics in Germany that can differ from other countries in certain 
aspects. The historical background of rehabilitation clinics, their usual organisational structure 
and the current design issues are highlighted to introduce the type of building setting where 
this research study was conducted.  
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1.3.3.1 HISTORICAL BACKGROUND OF REHABILITATION CLINICS 
Many present-day rehabilitation clinics in Germany originated from summer spa resorts for the 
aristocracy. The end of the 19th century brought sanatoriums as the main healthcare facilities 
for treating tuberculosis (Daniel, 2006) and at the beginning of the 20th-century Statutory 
Pension Insurance Agency in Germany started founding tuberculosis sanatoriums with 
elements of spa treatment such as good air and a lot of rest (Jäckel, Bengel & Herdt, 2006). 
These remote areas also offered the opportunity to isolate tuberculosis sufferers and prevent 
further infections (Daniel, 2006). After tuberculosis stopped being widespread, the existing 
sanatoriums were transformed into spa centres. The Pension Insurance Agency started 
sending persons with health problems that could not be readily dealt with by acute medicine 
into these spa centres for recovery (Ja ̈ckel et al., 2006). In 1989, the official requirements for 
the accreditation of rehabilitation clinics were created, together with defining specific treatment 
concepts for different rehabilitation indications at the “Rehab Commission“ convention (Ja ̈ckel 
et al., 2006).  
The majority of rehabilitation clinics are situated far away from the cities and in the countryside 
because of their original use as spa resorts. The proximity of nature and clean air is considered 
beneficial for the recovery of patients, so many new rehabilitation clinics are still being built in 
the countryside. More than 180 towns in Germany have at least one or more rehabilitation 
clinics in their area, these towns usually have a prefix Bad (bath) and “the whole areas depend 
on the rehabilitation business“ (Ja ̈ckel et al. 2006, p. 7). This totals to more than 1400 different 
rehabilitation clinics in Germany today, but these rehabilitation clinics are all specialized for 
different kinds of diseases and health conditions. Although the number of rehabilitation clinics 
is high, specialized neurological rehabilitation clinics constitute less than 5% of the total 
number of rehabilitation clinics in Germany.  
1.3.3.2 HISTORICAL BACKGROUND OF NEUROLOGICAL REHABILITATION CLINICS 
The earliest approaches to neurological rehabilitation in Germany developed after World War 
I, within the context of care for brain-injured soldiers (Poser, Kohler & Schönle, 1996). In the 
rehabilitation of brain-damaged patients, the principle that treatment should begin as soon as 
possible, even when patients were confined to bed, gained more and more recognition. Some 
of the rehabilitation procedures that were developed in the special military hospitals during 
World War I are still in use in modern rehabilitation (Poser et al.,1996). After World War II, all 
the military hospitals were closed. The numbers of people suffering from neurological diseases 
and the numbers of people surviving because of the advance of medicine were increasing 
dramatically and there was a clear need for more rehabilitation facilities in Germany. The first 
steps in the direction of building neurological rehabilitation facilities for the general population 
were taken by Prof. Dr. Schmieder in 1952 when the first national rehabilitation clinic for 
neurological and psychiatric rehabilitation was founded in Gailingen (Schönle, 2000). Since 
the foundation of the first specialized neurological rehabilitation clinic in Germany, new clinics 
have been founded and set into the newly erected buildings or the adaptively reused buildings. 
Although neurological clinics in Germany today have heterogeneous building structures, their 
overall organisational structure in terms of facilities is usually similar. 
1.3.3.3 GENERAL CHARACTERISTICS 
There are around 170 rehabilitation clinics in Germany that have a department for neurological 
rehabilitation (https://www.rehakliniken.de/rehakliniken/kliniksuche). These clinics usually 
contain several rehabilitation departments within one building, such as cardiology, 
orthopaedics, neurology, psychosomatics and geriatric rehabilitation. Between 50 and 60 
rehabilitation clinics in Germany are focused only on neurological rehabilitation. In most of the 
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specialized neurological rehabilitation clinics, stroke patients account for around 50% or more 
of the total number of patients.  
The main characteristic of this building type is the complexity and rigidity of their program. Two 
main functional parts of each rehabilitation clinic are patient accommodation and therapy area. 
Inpatient rehabilitation clinics have a certain number of beds for the accommodation of patients 
that are living in the clinic for a certain period. Therapy area is usually used both by inpatients 
and outpatients. In stroke rehabilitation, inpatients are in majority compared to outpatients. 
There are two reasons for this large difference in numbers. One is the remote location of 
rehabilitation clinics that makes it difficult for patients to travel for therapies more times per 
week. The other reason is that the intensive therapy shortly after a stroke was proven as the 
most effective in motor function recovery, and this intensity of therapies can easily be achieved 
in a rehabilitation facility where the patient receives multiple therapies per day. 
1.3.3.4 TYPES OF THERAPY   
Since the main goal of rehabilitation is regaining independence and returning home, several 
types of therapy deal with different physical and cognitive aspects that need improvement. 
Types of therapies in stroke rehabilitation in Germany are recommended in the guidelines of 
the Federal Working Group for Rehabilitation (Bundesarbeitsgemeinschaft für Rehabilitation, 
abbreviated BAR). These different kinds of therapies that are specific to stroke are further 
described in the document “Arbeitshilfe fu ̈r die Rehabilitation von Schlaganfallpatienten” 
(1998), published by the BAR. Therapy in neurological rehabilitation clinics usually consists of 
physical therapy, physiotherapy, occupational therapy, speech therapy, sports therapy and 
neuropsychological therapy. Additionally, patients can benefit from music therapy, art therapy 
and different kinds of workshops. Based on the "Arbeitshilfe fu ̈r die Rehabilitation von 
Schlaganfallpatienten" document, an overview of the variety of therapies that take place in a 
rehabilitation clinic is given to introduce the complexity of their functional program. 
Physical therapy (physikalische Therapie) is an integral part of rehabilitation. Different kinds 
of massages, inhalation, manual lymphatic drainage and compression therapy, magnetic field 
therapy, electrotherapy, medical baths, heat therapy (e.g. with fango packs) are used to 
promote mobility and function in the stroke patients’ impaired body parts.  
Physiotherapy (Physiotherapie, Krankengymnastik) activates patients through a variety of 
treatments and physical exercises to efficiently and effectively strengthen the body, reduce 
pain and prevent future injury. Since stroke often causes hemiparesis or hemiplegia, physical 
therapists work with stroke survivors to stimulate affected muscles and nerves to maintain 
circulation, even before they regain voluntary movement. If and when the muscle function 
returns, physical therapy allows patients to relearn everyday skills and retrain their healthy 
brain cells to control the affected muscles.  
Occupational therapy (Ergotherapie) has a primary goal in helping patients improve sensory 
and motor abilities that have been damaged by regaining muscle control. Patients can relearn 
daily skills, including eating, cooking or using a computer. With these skills, stroke survivors 
can return to normal life. Specific motor deficits of the hand/arm can also be trained using 
various materials and exercises, and patients can learn how to perform daily tasks with the 
help of different aids. 
Speech therapy (Logopädie) deals with communication and swallowing problems that are 
both common after a stroke. Speech and language therapists help patients with 
communication difficulties to overcome and/or adapt to a range of communication problems.  
Neuropsychological therapy (neuropsychologische Therapie) treats changes in behaviour, 
attention, concentration and memory that often occur after a stroke. The patients in 
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rehabilitation receive detailed neuropsychological diagnostics as well as intensive individual or 
group therapy.  
Sports therapy (Sporttherapie) has a goal of motor, cognitive and psychosocial treatment of 
patients through different kinds of sports, such as swimming, water gymnastics or ball games. 
This kind of therapy is usually performed in groups and promotes a healthy lifestyle after the 
rehabilitation period. 
1.3.3.5 USUAL FACILITIES WITHIN THE CLINIC 
To enable such a complex functional program, buildings of rehabilitation clinics need to 
accommodate different kinds of facilities, mainly the therapy spaces, patient accommodations 
and other supporting facilities.  
1.3.3.5.1 THERAPY FACILITIES  
Each of the therapies included in the program of a rehabilitation clinic usually requires a certain 
type of space to be performed, depending on the devices used and the number of patients that 
are treated at the same time. Table 2 gives a general overview of the usual types of therapy 
facilities in rehabilitation clinics and the numbers of patients that are involved in each therapy 
type. Sizes of the therapy areas depend on the size of the clinic and the available rooms, as 
well as on the number of patients in each clinic.  
Table 2: Usual rehabilitation therapy facilities 
Therapy type Number of patients Facility requirements 
Physical therapy Single 
Small separate rooms (fitting one to a 
maximum of five patients) for each of 
the therapy types. The devices used for 
treatment (such as water bed) should 
be able to fit in the therapy rooms.  
Physiotherapy Single or group 
Several small rooms with exercise 
equipment for single therapy and one or 
more larger rooms for group therapies. 
Occupational therapy Single or group 
Small office room(s) equipped with 
smaller exercise devices and 
computers and a large room for group 
therapy such as wood workshop, 
sculpting workshop or basket making 
workshop. 
A specially designed bathroom and/or 
kitchen for patients to practise ADL 
skills. 
Speech therapy Single or small group 
Small office room that can fit one to ten 
patients. 
Neuropsychological therapy Single Small office room. 
Sports therapy Group 
Sports facilities such as a swimming 
pool with disabled access, sports hall 
for ball sports and a gym. 
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1.3.3.5.2 OTHER FACILITIES  
Since rehabilitation clinics are places where patients live for several weeks to several months, 
they are equipped with many other necessary facilities besides therapy rooms. Most 
rehabilitation clinics are organised on a principle of patient wards that are individual units where 
patients sleep and receive immediate care from nurses and larger facilities that are shared 
among wards (Figure 7). These large shared facilities are usually a cafeteria, therapy facilities, 
staff offices, and larger common rooms. Most of the clinics have at least some of the diagnostic 
facilities, but not all of them are present in every rehabilitation clinic. These large shared 
facilities are not always centrally placed and can be scattered in different parts of the clinic and 
on different floors.  
 
Figure 7: Schematic organisation of the common facilities within a rehabilitation clinic 
It is not uncommon that there is a separate cafeteria for the staff members. If the cafeteria is 
shared between patients and staff, the meal times are usually scheduled so that the two groups 
don’t eat at the same time, since their capacity is around 200 places. In some clinics, the wards 
are equipped with a smaller dining room for patients that are physically unable to go to the 
main cafeteria for meals. Patients that are bed-ridden receive meals in their rooms. Small 
dining rooms on the wards can be used as common rooms outside of mealtimes. Sometimes 
there are small common rooms on the wards that are not used as dining spaces and where 
patients can spend time with other patients or with their visitors. 
Since the smallest functioning units of rehabilitation clinics are wards, their typical organisation 
consists of a corridor with patient rooms on both sides, a nurse station, staff offices and optional 
common room and/or a small dining room (Figure 8). There are generally several wards on 
one floor of the clinic and the total number of wards is multiplied by the number of floors in the 
clinic. It is also common that two wards share one nurse station if the layout of the clinic allows 
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for such an organisation. If patients are completely independent and in a good health state, 
they could also be placed in a ward without a nurse station, although this type of ward is 
unusual. The number of rooms per ward can vary from 15 bedrooms to 30 bedrooms, 
depending on the size of the clinic and the severity of patients’ condition. Patients’ rooms are 
mostly single or double-bed rooms.   
 
Figure 8: Typical schematic ward organisation 
Many other supporting facilities are necessary for the daily operation of rehabilitation clinics. 
Some of those facilities are a cafeteria kitchen, heating, ventilation and air-conditioning rooms 
and large storage spaces. Except for the kitchen, which has to be connected to the cafeteria, 
the other supporting facilities are commonly located in the remote areas of the clinic, frequently 
on the basement level. 
1.3.3.6 DAILY PROGRAM OF REHABILITATION CLINICS 
The usual schedule for patients in rehabilitation clinics consists of three daily meals and several 
kinds of therapies between meals each day. The times of these activities differ among 
rehabilitation clinics, but the activities usually occur within the given general time windows in 
all facilities (Figure 9). Patients typically don’t receive therapy after dinner, but the self-initiated 
exercise in the clinic’s gym or pool is possible on request in some clinics. Sometimes various 
social activities can be organised in the evening, but this is not the case in every clinic. 
Therapies are also rare or non-existent during the weekend, so patients have free time in the 
clinic or they can go home, depending on their health state and the closeness of their home. 
 
Figure 9: Usual daily schedule in rehabilitation clinics shown in time windows 
Patients’ meals can take place in their room, in the dining room or the main large cafeteria. 
The location depends on the health state of the patient and the ability to visit the main dining 
spaces. It can sometimes also depend on the patients’ preference or the number of available 
places in the dining room. Therapies, the main part of the rehabilitation, can be conducted in 
the patient’s room, in various therapy rooms and areas (Table 2), in the clinic’s corridors, 
outdoor spaces, etc. Patients’ free time between therapies and after dinner can be spent in 
their rooms or the different common rooms in the clinic (Figure 7). The type and variety of 
common rooms are different in each clinic, so the quality of patient’s free time can also vary 
among clinics as a result. 
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1.3.4 Current design issues 
There are no current guidelines and regulations on how to specifically build neurological 
rehabilitation clinics. They need to satisfy the demands of the healthcare program and the 
necessary building accessibility and fire safety norms, but the recommendations for the layout 
organisation and design are still non-existent. Many rehabilitation clinics in Germany were built 
in the old spa resorts and sanatoriums, some of them have grown over time from smaller clinics 
and some were originally planned and built for neurological rehabilitation. Because of their 
heterogeneous structure and the historical background, there are several current issues 
related to the design of rehabilitation clinics in Germany.  
1.3.4.1 BUILDING DESIGN CHALLENGES 
As described in 1.3.3.1 Historical background of rehabilitation clinics, the buildings of 
neurological rehabilitation clinics in Germany were often adaptively reused from old healthcare 
facilities or other functions. It is also a common case that rehabilitation clinics have grown over 
time because of the increased need for patient accommodation. These clinics are a result of 
annexes and renovations that often make the layout organisation of the building complicated 
for both patients and the staff members. Another important challenge in the building design of 
rehabilitation clinics is the lack of knowledge about the effects of different spatial 
configurations, design features, materials, etc. on the well-being of patients. Consequently, 
most healthcare design has been driven by previous design experiences of the responsible 
architectural firm, client’s care concept and clinical experiences and the advancements in 
technology instead of solid research findings.  
Because of the size and functional requirements of a complex rehabilitation program, 
rehabilitation clinics are large buildings, usually having a total surface of above 15 000 m2. The 
size of the buildings together with the lack of initial planning for rehabilitation, or the planning 
without any previous evidence-based design knowledge, can be a significant barrier for their 
users. Not only patients but also medical staff working in the clinics, as well as the patients’ 
families and visitors, can all be affected by the inadequate building design. Hence, there can 
be many issues that can arise from substandard planning of rehabilitation buildings. The most 
obvious issues that can occur in the inadequately designed rehabilitation facilities are long 
distances between patient rooms and therapy areas and difficult wayfinding in the building. 
Many other difficulties can be caused or influenced by the building design, affecting the users 
in various negative ways.  
To highlight the three common challenges in rehabilitation clinics: building growth over time, 
adaptive reuse and new building design that is not based on evidence-based knowledge, three 
rehabilitation building examples from Germany are given. Each of these buildings illustrates 
one of the highlighted challenges and pictures their impact in real-life architectural situations.  
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EXAMPLE 1: Growth 
 
Figure 10: Example of a rehabilitation clinic's growth - BDH Klinik Hessisch Oldendorf 
The building configuration of this clinic is unclear and widespread. The reason for this is that 
the building was originally not built as a rehabilitation clinic. The oldest part of the clinic is 
House 2, which was originally a youth hostel. It was transformed into a rehabilitation clinic for 
brain-injured soldiers after World War II. The current clinic organisation is a result of adding 
new parts as the need for accommodating a larger number of patients grew over time. The 
newest part is House 6 with the intensive care and Stroke Unit.  
Many difficulties can be caused by the unclear structure and organisation of patient rooms and 
therapy rooms. The patient rooms in this clinic are found in every separate building, as well as 
offices and treatment rooms. The main therapy rooms are located in the therapy centre in the 
middle. Many patient rooms are placed very far from the main treatment area. This means that 
patients must travel through the whole building to reach the treatment rooms, which increases 
the risk of getting lost. Patients placed in the House 4 are in the most difficult situation because 
they need to travel the longest way and to go outside of the building to reach the dining and 
therapy area or to travel there via the labyrinthine basement floor.  
The growth over time resulted in a scattered and unclear organisation that is potentially 
problematic for wayfinding and accessibility of patients and the efficient work of medical staff. 
Many stroke patients are cognitively and physically impaired and need to use different kinds 
of mobility aids to move around the clinic. This kind of scattered layout with therapy rooms and 
patient rooms spread all around is an unsuitable building solution for stroke patients with that 
are in the early stages of rehabilitation. Long distances between spaces and the unclear 
arrangement of different functional areas make it challenging to find and reach therapies and 
other areas without any help from the medical staff. 
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EXAMPLE 2: Transformation 
 
Figure 11: Example of a rehabilitation clinic's transformation - HELIOS Klinik Hagen - Ambrock 
The clinic was originally designed as a lung sanatorium for tuberculosis and pneumoconiosis 
patients and it has grown and been transformed into a neurological rehabilitation clinic with the 
intensive care unit. Since the patients of pulmonology and tuberculosis usually have no mobility 
issues and cognitive impairments characteristic of neurology patients, the building itself is not 
completely suitable and accessible for patients with neurological diseases.  
The main issues in the clinic’s layout organisation are very linear and long patient wards, 
unclear organisation and long distances between patient and therapy rooms. Therapies are 
scattered in different parts of the clinic and they are difficult to find. The central building area 
is taken by the intensive care unit, which is not accessible to other patients. 
 
 
Figure 12: Clean and dirty corridor 
Another issue is the remains of the old building organisation, such as a double corridor on the 
first floor of the building (Figure 12). Once used in the tuberculosis sanatorium as a clean and 
dirty corridor system for infection control, today it had no use and it is merely a wall in the 
middle of the corridor, making it more difficult for multiple patients to pass through at the same 
time. This is a clear example of the design feature of a building that does not fit the current 
organisation of health care. 
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EXAMPLE 3: Non-evidence based design solution 
 
Figure 13: Example of the newly built rehabilitation clinic - Gesundheitszentrum Glantal 
In contrast to the other two examples, this rehabilitation clinic was intentionally built for its 
current purpose. The clinic was opened in 2014 and was built according to the criteria of the 
German Society for Sustainable Building (Deutschen Gesellschaft für Nachhaltiges Bauen), 
aiming at the “Green Hospital“ certificate. The improved building envelope, optimized floor 
space and the combination of innovative technology are some of the main design features 
incorporated into the new building to decrease energy consumption, save power and increase 
the comfort of patients and employees.  
Although the clinic’s design follows certain criteria for green buildings, which apply to the 
facade materials or the different technologies, such as air heating and cooling systems, the 
layout and design of the building is not based on evidence-based design knowledge. The 
compact layout with the three courtyards was possibly chosen to provide enough light into the 
deep floor plan, but this configuration might create potential difficulties in patients‘ wayfinding. 
Another prominent design feature is the central “street” with the dominant staircase, which is 
the first space that the user is confronted with. Other corridors and floors can be accessed 
using this main “street”. It is not clear how this design feature performs in the real daily life of 
the clinic, especially considering that most patients are not able to use the stairs at all. Many 
other design features are chosen without taking into account the needs of the building’s users, 
such as the signage that is challenging to find and read for many stroke patients with vision 
impairments. 
The substantial investment into building a new clinic is not supported by reliable research 
findings and recommendations on how to design this type of buildings, and, as a result, the 
buildings’ performance might be inadequate for rehabilitation. This kind of experimental 
buildings are the only possible choice for the new rehabilitation clinics since the 
recommendations for the design of well-functioning rehabilitation buildings do not exist. 
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1.3.4.2 DISCREPANCY BETWEEN BUILDING ORGANISATION AND CARE CONCEPT 
Rehabilitation system in Germany is highly structured into rehabilitation phases (see 1.3.2 
Neurological rehabilitation system), which is crucial for the daily work of the clinic. Patients that 
are in different phases receive different kinds of treatment and they have very different health 
conditions. Many patients in earlier rehabilitation stages suffer from severe motor impairment 
and rely on the use of assistive devices such as a wheelchair. On the other hand, patients in 
phase D of rehabilitation can walk and are largely independent. The design of rehabilitation 
clinics still does not address this care concept and it is not reflected in the way these buildings 
are organised. When all patients with different health conditions are accommodated in the 
same way in the clinic, with long distances between spaces and unclear organisation, this 
creates significant challenges in the built environment for patients that are in the earlier 
rehabilitation stages. 
Although the phase concept of neurological rehabilitation is developing since the 1950s and it 
is today a standard model of neurological rehabilitation, no similar model is developing in the 
design of rehabilitation clinics. The way clinics are spatially organized, and the way patients 
are accommodated have no clear design model that all the rehabilitation clinics today follow. 
The financial ability of the clinic and the functional requirements of the rehabilitation program 
usually determine the number of beds, therapy facilities and other facilities within the clinic, 
and they can be organised differently in each clinic.  
1.3.4.3 BUILDINGS POTENTIALLY PROMOTING PATIENTS’ INACTIVITY 
Most stroke patients in rehabilitation have low levels of activity during their free time in the 
clinic. There is a lack of studies on time use in German rehabilitation clinics, but the research 
study of De Wit et al. (2005) found no significant difference between the levels of activity in a 
German rehabilitation clinic and the three rehabilitation clinics from other countries 
(Switzerland, United Kingdom and Belgium). Although the study included only one 
rehabilitation clinic from Germany, the result is consistent with all other studies on time use of 
stroke patients in rehabilitation from other developed countries. The main finding is that 
patients are alone and inactive in their rooms around 50% of the time during the day. 
Physical activity in stroke rehabilitation, not only in therapies but also during their free time, is 
largely beneficial for patients’ well-being and recovery. Minimization of bed rest is critical in 
stroke patients, both in acute and inpatient rehabilitation, to avoid deterioration in exercise 
tolerance (Billinger et al., 2014). Low levels of activity in stroke patients have also been linked 
to depressive symptoms (Aaron, Gregory & Simpson, 2016), while higher levels of 
therapeutically based physical activity are associated with reduced depressive symptoms 
(Cumming, Collier, Thrift & Bernhardt, 2008), better gait and greater independence in activities 
of daily living (Kwakkel et al., 2004) and achieving better physical function (Scrivener, 
Sherrington & Schurr, 2012). 
One of the design strategies in healthcare facilities that might contribute to patients‘ inactivity 
is the growing trend of exclusively single-patient rooms. This approach is necessary for the 
hospital environment because of the infection control, but it could have different consequences 
in the rehabilitation clinics. There are no studies that investigate the effect of single occupancy 
rooms on the patients’ activity levels. A research study from a Swedish stroke unit before and 
after the renovation indicates that patient activities significantly decreased with the provision 
of the single patient room environment (Anåker, von Koch, Sjöstrand, Bernhardt & Elf, 2017). 
The spatial needs of stroke patients and the effect of the built environment are still not 
investigated enough to make conclusions on what is best for the stroke patient. At the same 
34  
time, the design of healthcare facilities should be oriented towards motivating the patients to 
be more active.  
1.3.5 Current strategies in rehabilitation clinics 
1.3.5.1 ENCOURAGING INDEPENDENT MOBILITY 
It is important to motivate patients during rehabilitation to be more physically active and 
independent, as they need to prepare for returning home. Since independent mobility is 
especially important during stroke recovery, the usual policy of the rehabilitation clinics is to 
encourage patients to be more mobile. Medical staff members find independent mobility 
exceptionally important during patients’ recovery process (see Annex I) and generally 
encourage it in the daily life of rehabilitation clinics. The only cases when the patients are not 
allowed to move around the clinic independently is when they are physically and cognitively 
not able to be independent. Such patients are in minority compared to other patients, they are 
not allowed to go to therapies on their own and are constantly monitored by the staff members. 
For all other patients, mobility and autonomy are usually encouraged in the stroke care 
environment. 
Exercising independent mobility is seen as a way to train autonomy and to prepare for life at 
home after rehabilitation (see Appendix 1). It is important to promote and maintain 
independence, especially in elderly stroke patients. If independence is not achieved, the large 
burden falls on caregivers that constantly need to take care of the stroke survivor. In difficult 
cases, the patient can also be transferred to a long-term care facility. For this reason, 
independent mobility is encouraged and promoted, not only to encourage patients to be more 
independent but also as an additional exercise next to regular therapies. According to medical 
staff, rehabilitation does not only encompass standard rehabilitation therapies but also 
patients’ free time and their activities, which can be a significant exercise and could contribute 
to their recovery. 
To exercise mobility and independence, most patients who are not bed confined are expected 
to go to therapies and meals on their own. Therapy rooms are typically placed outside of the 
patient wards and the common dining area is on another floor. When going there 
independently, patients encounter different environments and cover large distances each day. 
This concept of motivating patients to go to therapies on their own and to be more independent 
often does not function adequately in the real rehabilitation clinic environment. The reasons 
for this might be a large size and complex organisation of the clinics, as well as the way they 
were built (growth over time, transformation from another function, etc.). Stroke patients have 
various disease-related internal barriers to mobility such as hemiplegia, hemiparesis and 
cognitive impairments. These post-stroke impairments cause difficulties for patients when 
moving independently in the clinic. Many patients require additional equipment to be able to 
walk/move, such as a wheelchair or a walker. The patient that has just learned to use the 
wheelchair will have much more challenges to reach the therapy area than the patient that can 
walk independently, and they are often both accommodated in the same patient ward.  
1.3.5.2 ENRICHED ENVIRONMENT 
In recent years, a new approach was developed for activating stroke patients in rehabilitation 
by introducing the “enriched environments” (see Appendix 2: Enriched Environment). 
Numerous studies are investigating this concept in animal stroke models, with significant 
success in activity increase, but there is still a debate around its efficiency in human stroke 
rehabilitation (Janssen et al., 2010). Several pilot studies were conducted in different 
rehabilitation environments, mostly in Australia, United States and Sweden, providing evidence 
that the addition of the enriched environment increased the activity levels in stroke patients 
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and reduced time spent alone and inactive. Certain ideas from the enriched environment 
concept are used in some German stroke rehabilitation environments since the early 2000s, 
such as putting newspapers, books or board games in the patients‘ common areas, but the 
concept is not thoroughly and systematically applied. 
It is not yet clear how beneficial the implementation of this model would be for stroke patients. 
All the studies on the enriched environment were conducted only on the scale of a single ward, 
without the relationship to the rehabilitation building as a whole. It is also unknown how 
environmental enrichment would fit into the current German concept of neurological 
rehabilitation. At the same time, spatial requirements of such environments need to be 
considered, such as the size and amount of rooms where the equipment would be available, 
their spatial quality or their location and connections with other areas of the clinic. More 
evidence is, therefore, needed to determine the true effect of the environmental enrichment on 
the recovery progress of patients and on the ways to implement it into the design of 
rehabilitation facilities. 
1.3.5.3 SUMMARY 
Stroke rehabilitation in Germany is organised in six rehabilitation phases, determined via the 
Barthel Index score. Each of these phases is characterised by the healthcare facility where the 
rehabilitation is performed. Patients in phases B, C and D usually undergo rehabilitation as 
inpatients of rehabilitation clinics. These facilities in Germany have often emerged from the 
adaptive reuse of buildings, such as tuberculosis sanatoria, or as a result of adding building 
annexes to the existing smaller facility. Both of these strategies are potentially problematic 
since the buildings were not fully designed and adapted for stroke rehabilitation and the needs 
of stroke patients. Another significant issue is that the newly built facilities are not based on 
any solid knowledge on the influence of spatial design on the well-being of stroke patients.  
1.4 Conclusion 
Stroke is one of the leading causes of death in the developed world and a major cause of 
disability in adults. If the trends in stroke incidence continue, by 2030 there will be 
approximately 70 million stroke survivors and more than 200 million disability-adjusted life 
years lost globally. As the number of strokes grows, there will be an increased need for the 
built environment that is accessible and supportive to accommodate the projected high 
numbers of stroke survivors. 
It is not only important to accommodate the stroke survivors in the built environment after their 
recovery process, but also to create rehabilitative and supportive built environments during 
their rehabilitation process. Regaining independent mobility is the main goal of stroke 
rehabilitation, but the current way rehabilitation clinics are designed often promotes patients’ 
inactivity. Because the clinics are large scale buildings with a complex program, often 
challenging wayfinding and long distances between spaces, many patients are brought to 
therapies by a transfer service, which denies them the opportunity to exercise their mobility by 
going to therapies on their own. This also results in the feeling of loss of control and the 
development of depressive symptoms. Therefore, many of the existing rehabilitation facilities 
do not promote and enable patients’ independent mobility. 
Evidence-based knowledge is necessary, not only on how to treat stroke survivors more 
effectively but also on understanding their spatial needs and ways to accommodate them in 
the built environment to promote activity and independence. In the chapter that follows, the 
existing knowledge on the relationship between stroke patients and the built environment is 
presented and discussed.
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2 STROKE AND THE BUILT ENVIRONMENT 
OF REHABILITATION FACILITIES 
Stroke survivors are a group with distinct impairments that can shape the way they experience 
and interact with space. This chapter highlights the specific characteristics of different post-
stroke impairments that might influence stroke survivors‘ spatial experiences and examines 
the theoretical concepts dealing with the relationship between the (dis)abled person and the 
(dis)abling space. To determine the available level of knowledge on the influence of healthcare 
built environments on the well-being of stroke patients, the existing research studies examining 
this relationship were reviewed and their results synthesised and evaluated. 
2.1 Stroke survivors and space 
The relationship between an impaired body and built environment is complex and can be 
approached from different perspectives. One is the perspective of the disabled body that is 
limited in the built environment by its internal restrictions and, on the other side, the built 
environment that is disabling by not including the variety of different bodies. Both of these 
perspectives are important to examine in order to understand the complex relationship 
between the stroke survivors and the built environment.  
2.1.1 Post-stroke impairments 
Although physical impairments are the most visible consequences of a stroke, stroke survivors 
often experience a wide range of other disabilities, such as speech difficulties or vision 
impairments. The severity and range of disabilities differ for every stroke survivor. Throughout 
recovery, physical impairments tend to improve to a certain extent, but cognitive impairments 
progressively worsen in most cases (Mijajlović et al., 2017). These different impairments 
inevitably affect the person’s way of experiencing and interacting with the world around them. 
Sometimes these impairments are not newly acquired as a result of their disease, but might 
also be prior impairments that are age-related or that were present before a stroke. Therefore, 
stroke patients cannot be considered as a homogenous group. Each stroke and each stroke 
survivor are different, which manifests itself in their spatial needs. The relationship with the 
built environment also changes after a stroke, since various impairments can limit the stroke 
survivor’s mobility and ability to overcome certain obstacles, as well as to change the way they 
perceive space. Therefore, post-stroke impairments that are relevant for this study and likely 
to affect the way space is perceived and used are discussed. 
2.1.1.1 MOTOR IMPAIRMENT 
The most frequent impairment caused by stroke is motor impairment, which restricts function 
in muscle movement or mobility (Langhorne et al., 2009). In many cases, rehabilitation is 
necessary for the patients to re-train their muscles and regain as much as possible of the 
abilities they had before stroke (Dobkin, 2005). Typical motor impairments after a stroke are 
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hemiparesis and hemiplegia. Hemiparesis is a milder form of physical impairment, affecting 
most stroke patients. It is a one-sided weakness that can affect arms, hands, legs and facial 
muscles. Everyday activities, such as eating, dressing and using the bathroom become difficult 
to perform with hemiparesis. Its most severe form is hemiplegia, complete paralysis of one 
side of the body.  
Due to the loss of motor function, many stroke patients rely on the use of assistive devices 
such as a wheelchair or a walker. Some of them use the assistive devices only during 
rehabilitation and some even after the discharge. Patients with severe hemiparesis or 
hemiplegia that are using a wheelchair, rely only on the non-paralysed side of the body, which 
increases strain on the muscles. If the legs of a stroke survivor are not affected by 
hemiparesis/hemiplegia, they sometimes use them to drive the wheelchair by “walking“ in it. 
Walkers as assistive devices are only used when a stroke survivor is stable enough to walk 
but requires additional assistance for safety reasons. Another less commonly used assistive 
device for walking is walking sticks, which are used as a slight help for stroke survivors that 
are already able to walk independently and require only minimal assistance. The muscle 
weakness or paralysis, as well as the use of assistive devices after a stroke, significantly limit 
the mobility ability of stroke survivors in the built environment. Motor impairment can prevent 
access to certain spaces and increase the possibility of injury, thus decreasing the activity 
levels of stroke survivors. 
2.1.1.2 COGNITIVE IMPAIRMENTS 
Cognitive domains most likely to be affected after a stroke are memory, orientation, language 
and attention (Pound et al., 1998). Although orientation and memory loss are common signs 
of dementia, the criteria for dementia are not met in all stroke survivors who experience 
cognitive impairments (Sun et al., 2014). Even only mild cognitive deficits present a significant 
disability for patients and may increase the risk of further cognitive decline (Serrano, Domingo 
Rodriguez-Garcia, Castro & del Ser, 2007). 
There are two categories where stroke survivors with cognitive impairments could be sorted 
into based on the level of cognitive deterioration: mild cognitive impairment and vascular 
dementia (Sun et al., 2014). The most commonly used term for mild vascular cognitive 
impairment in the research setting was defined as “cognitive impairment, no dementia” (CIND) 
by the Canadian Health Study group (Graham et al., 1997). It is estimated that around one-
quarter of patients without any previous cognitive impairment will develop CIND and another 
quarter will develop dementia after stroke, which means that around a half of patients will 
develop some kind of cognitive impairment after a stroke (Serrano et al., 2007). The presence 
of cognitive impairments in patients with stroke is very common and it significantly affects 
functional recovery after the acute phase, independent of the effects of physical impairment 
(Tatemichi et al., 1994). Depending on their severity, cognitive impairments can influence the 
way space is perceived and understood, as well as worsen the spatial orientation.  
2.1.1.3 VASCULAR DEMENTIA 
Vascular dementia is a common post-stroke condition which affects cognitive function and 
thinking abilities in around a quarter of stroke survivors. It is a condition that makes it difficult 
to process information, which can lead to memory loss, confusion and challenges with 
performing everyday activities (National Stroke Association, 2018). Symptoms of vascular 
dementia can differ from other types of dementia, depending on the part of the brain affected 
by the stroke. They usually include weakness or paralysis of one side of the body, 
incontinence, balance problems and unsteadiness, communication problems and difficulty 
following a conversation, and mood changes such as depression (Stroke Association, 2012).  
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Vascular dementia differs from Alzheimer’s disease because it is caused by an acute event 
such as a stroke, where the blood flow to the brain has been interrupted. As this disease 
progresses other symptoms may develop which will be similar to other forms of dementia 
(Stroke Association, 2012). The symptoms of vascular dementia can significantly alter the 
stroke survivor’s ability of spatial orientation, as well as the ability to adjust to new places. Risk 
factors for vascular dementia are almost identical to the risk factors for stroke, including 
hypertension, cigarette smoking and diabetes mellitus (Gorelick, 2004).  
2.1.1.4 VISION IMPAIRMENTS 
Stroke can affect vision in various ways, including decreased vision, eye movement, visual 
field abnormalities, and visual perceptual difficulties (Rowe et al., 2009). Stroke can cause 
several specific vision impairments, such as neglect, agnosia, agraphia, or alexia. These 
conditions usually result from impaired processing of complex information. Patients with 
neglect are capable of seeing certain areas in space but are usually unaware of people or 
objects on one side of their body, sometimes even being unaware of their own body parts 
(Parton, Malhotra & Husain, 2004). Patients with agnosia have difficulties with recognising 
objects that they have previously known (Greene, 2005). Stroke survivors affected by agraphia 
are unable to write, while persons with alexia have the impaired ability to read, as a 
consequence of difficulties with eye movements, perception and understanding written word 
(Greene, 2005). These vision impairments have the potential to affect the stroke survivor’s way 
of perceiving the built environment in terms of dimensions, depth, seeing or recognizing certain 
objects in space, etc.  
2.1.1.5 APHASIA 
Aphasia is a speech disorder occurring in more than 30% stroke survivors. It affects the ability 
to communicate and it is usually caused by strokes that occur in areas of the brain that control 
speech and language. Stroke survivors’ intelligence remains unaffected, even though their 
speech may be jumbled and unintelligible (American Stroke Association, 2018). Patients that 
are affected by aphasia can experience difficulties with reading and writing since both the 
expression and understanding of language can be impaired.  
Other disorders can happen together with aphasia, such as difficulties with swallowing, 
dysarthria and apraxia of speech. Dysarthria is a condition where the muscles used for 
speaking are weakened or paralysed, causing the speech to be slurred and difficult to 
understand (Dickson, Barbour, Brady, Clark & Paton, 2008). Stroke patients with apraxia of 
speech experience a motor speech disorder causing articulatory errors and limiting speech 
ability (Ogar, Slama, Dronkers, Amici & Gorno-Tempini, 2005). Stroke survivors that are 
affected by aphasia describe their inability to communicate as extremely depressing and 
frustrating (Sundin, Jansson & Norberg, 2000). Both vision impairments and aphasia can also 
affect the stroke survivors’ abilities to read and understand signage, where aphasia can also 
limit the possibility of asking for help in certain situations, such as with impaired spatial 
orientation. 
2.1.1.6 OTHER COMMON IMPAIRMENTS 
Stroke can cause a great range of other impairments and difficulties, such as chronic pain, 
urinary incontinence, sensory disturbances or emotional disturbances. Chronic pain is frequent 
in stroke survivors and it is correlated with functional dependence and increased cognitive 
decline (O’Donnell, Diener, Sacco, Panju, Vinisko & Yusuf, 2013). Pain can be a result of 
different impairments, such as damages to the nervous system or mechanical issues caused 
by the weakness from a stroke. The main risk factors for chronic pain in stroke survivors are 
stroke severity, younger age and previous depressive symptoms (O’Donnell et al., 2013). Loss 
of ability to sense the need to urinate or the ability to control bladder muscles are also common 
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in stroke survivors and the loss of urinary continence can influence rehabilitation success and 
long-term outcomes (Borfhe, 1986). Another condition that stroke patients often experience is 
sensory deficits, where patients are unable to feel temperature or to detect touch or pain 
(Carey, Matyas & Oke, 1993). Depressive symptoms, personality changes and emotional 
disturbances are a common consequence of stroke resulting from the psychological trauma of 
stroke, and they can have a negative impact on the patient’s recovery process (O’Donnell et 
al., 2013). All these impairments can in certain ways affect the way stroke survivors can access 
and interact with the built environment, especially in the case of chronic pain and sensory 
deficits.  
2.1.2 Relationship with the built environment 
When looking at the relationship between stroke patients and the built environment, different 
aspects need to be considered. On one side there are stroke patients, a special group of users 
that is very heterogeneous in its characteristics. As every stroke is individual depending on the 
area of the brain that is affected, no two strokes are alike. Therefore, no two stroke patients 
are alike in their (dis)abilities. The wide range of impairments that stroke can cause makes it 
difficult to classify and understand the spatial abilities of stroke survivors. Although there are 
tests that measure the physical and cognitive impairment level in stroke patients, these tests 
are not a clear indicator of the patients’ behaviour and experience in space. Not only their 
physical and cognitive abilities but also their personalities and preferences play a significant 
role in their relationship with the built environment.  
2.1.2.1 (DIS)ABILITY 
A disability could be understood as any human difference, such as age, physical and mental 
ability, health and economic status, which have been associated with social restriction or 
material deprivation (Gleeson, 1999). The term “disability“ is used in various contexts with 
different meanings and it is impossible to define objectively (Gleeson, 1999). 
There are two main approaches to defining disability, embodied in the medical disability model 
and social disability model. The first approach looks at disability as a problem in the individual’s 
body and mind, while the other looks at disability as a social construction. The social model 
originates from the Fundamental Principles of Disability document (UPIAS 1976), which states 
that disability does not come from an individual’s impairment, but from the disabling barriers in 
the society. It was later mainly theorized by Vic Finkelstein (1980) and Michael Oliver (1990), 
as a reaction to the individual medical model, which considered disability as a problem in the 
individual’s mind and body that had to be solved by medical professionals (Beaudry, 2016). 
Within the medical model, disability is established as the individual’s problem, where they are 
considered tragic victims resulting from nature (birth) or fate (accident, disease), and within 
this definition, the society is free from blame for any disablist practices (Kitchin, 1998). The 
social model, on the contrary, makes a distinction between disability and impairment, defining 
“impairments as defective limbs or mechanisms in the body, and disability as the exclusion 
from which impaired people suffered.“ (Beaudry, 2016, p. 211) For example, the social 
modelists consider the blind persons disabled only when the society disables them; otherwise, 
they are “impaired or limited, but not disabled.“ (Beaudry, 2016, p. 217) 
“Disability theory reminds us that all environments, built and wild, are not innocently 
constructed, and that disability itself is a relative category, contingent upon social and physical 
contexts.”  
-  Jaquette (2005, p. 8) 
It is important to point out that a distinction is made between “disability as a sociocultural and 
biomedical category, and as a state of “not being able to” (Freund, 2001, p. 689). Williams & 
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Busby (2000) criticized the social disability model for ignoring bodily change and decay, that, 
for example, comes with ageing. The social model simply looks at the external factors that 
create a disabling environment, not acknowledging the personal abilities of the individual. 
According to Freund (2001), disability at least partly resides in an objective impairment, and it 
is not simply a social construction created from the context in which the person is situated. On 
the other hand, the term impairment implies a negative connotation as well and is limited by 
its generally biomedical point of view (Shakespeare, 1999). Shakespeare (1999) argues that 
as a biomedically grounded concept, the term impairment excludes differences in bodies that, 
although not being impairments, could be disabling in a specific context. Only in reference to 
a specific cultural, spatial or social context can be understood what constitutes “normal 
functioning“; even the people that don’t have an impairment could be disabled in a certain 
temporal-spatial context (Freund, 2001). Freund (2001) gives an example of a middle-aged 
woman with chronic rheumatoid arthritis, an old man with senile dementia and a young man in 
a wheelchair because of a spinal cord injury, and argues that these individuals have different 
needs, interests and desires. At the same time, all three will most likely encounter difficulties 
when using public space because of their various impairments and the disabling organisation 
of space. 
“Their lack of access and mobility are, at least to some extent, a function of the design of 
space, the rhythms of social time, the available material culture (technology), the way the use 
of the material culture is organised and, most significantly, the ‘fit’ between their psychomotor 
capacities, and the organisation of space, time and motion.”  
- Freund (2001, p. 690) 
Williams & Busby (2000) argue that the social disability model needs to become more inclusive 
and accept disability as a near-universal condition of humanity. The reason is that the fixed 
definitions of disability can exclude many people that might have an impairment but are not 
officially defined as disabled, and the people that are different, but don’t have an impairment 
(Freund, 2001). 
Although Oliver’s (1996) theory that the body’s impairments have nothing to do with a disability 
was taken by the critics as evidence that the body was excluded from the social disability 
model, it can also be understood as an overstatement to direct the focus towards the structure 
(Freund, 2001). Freund further argues that an individual body is a “limited determinant of 
disability“, but that the body engaged in a specific social-material structure is highly relevant to 
disability. Furthermore, the reason for the critics’ failure to realise the spatial element of the 
social disability model comes from the place where most of the sociology of body, health, 
illness and disability is based on the “despatialised conception of the body“ (Freund, 2001). A 
body on its own is not disabled until it is placed into a context where the fit of the structure and 
the body is not suitable and the impairments of the body become disabilities in the disabling 
space. Only in the relationship with space can the disability be manifested and understood.   
2.1.2.2 SPACE AND (DIS)ABILITY 
“Disability has distinct spatialities that work to exclude and oppress disabled people.“ 
- Kitchin (1998, p. 343)  
Spaces become disabling when different activity sites, such as homes, workplaces and public 
places, are separated by barriers or great distance requiring a great deal of mobility (Freund, 
2001). These barriers and obstacles affect not only people with impairments, but their role also 
changes as the able-bodied individuals transition through different phases of life. Ageing is a 
phenomenon that almost inevitably brings age-related impairments that change the previously 
“friendly” spaces into uncomfortable and potentially dangerous (Freund, 2001).  
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Barriers were defined by the World Health Organisation as “factors in a person’s environment 
that, through their absence or presence, limit functioning and create disability. These include 
aspects such as: 
- a physical environment that is not accessible, 
- lack of relevant assistive technology (assistive, adaptive, and rehabilitative devices), 
- negative attitudes of people towards disability, 
- services, systems and policies that are either non-existent or that hinder the 
involvement of all people with a health condition in all areas of life.”(WHO, 2001, p. 
214.) 
In this definition by the WHO, the physical environment was highlighted as an important factor 
in limiting people’s functioning and creating disability. Barriers in the built environment could 
be any outdoor or indoor structural element that makes it difficult for people to move around. 
Encountering barriers in any environment, being it the urban environment, a public building or 
a home, limits the activity levels of people that encounter these barriers. Although certain 
physical barriers are experienced by all people, the ones that encounter the most limitations in 
the built environment are usually people with physical or cognitive impairments.  
According to Imrie (1996), the spatial organisation often preserves the supremacy of the able-
bodied people. The “nonimpaired corporeality“ is used as a base for constructing the access 
and movement around in the built environment, which only considers the mobile subject as the 
embodiment of the “able body“ (Imrie, 2012). In the context of bodily interaction with space, 
movement and mobility are defined with reference to healthy, efficient and mobile body 
(Bartenieff and Lewis, 1980; Imrie, 2000; Merleau-Ponty, 1962). Imrie (1996) further argues 
that creating spatial segregation for the purpose of creating an opportunity for independence 
and empowerment of disabled people continues to single them out as different and in the need 
of special facilities. This practice spreads and cultivates the disability statues of disabled 
people (Kitchin, 1998). The implications of this practice are significant for people whose bodies 
don’t fit into the physiological norms of the “body-normal“ and who might face challenges when 
interacting with such designed environments (Hansen & Philo, 2007; Imrie, 2000). 
People with impairments consider the physical configuration of the built environment as a 
significant influencer in their social and economic opportunities (Imrie & Hall, 2001). Many 
mobility-impaired people point out the faulty building design, such as steps at the shop 
entrances, as a factor that prevents them to enter a great range of buildings (Gleeson, 1997). 
Some basic design features such as colour contrasts, tactile pavement or clear signage are 
lacking in many places, making it impossible for disabled people to be independent in the built 
environment and enforcing their marginalized status in the society (Cousins, 1998; Room, 
1995). The lack of environmental features that facilitate the ease of movement for people with 
impairments, together with the environmental barriers that create obstacles, is a part of their 
everyday lives (Imrie & Thomas, 2008). Kitchin (1998), therefore, stresses that the disabling 
spaces are arranged to convince disabled people that they are “out of place” and to keep them 
“in their place”. 
Gleeson (2001) identified the embodiment of spatial disability discrimination in three main 
aspects:  “physical barriers to movement for disabled people, building architecture that 
excludes the entry of anyone unable to use stairs and hand-opened doors and public transport 
modes which assume that passengers have a common level of ambulance“ (Gleeson, 2001, 
p. 256). Imrie and Luck (2014) further discuss this phenomenon, pointing out that the designed 
environments often have exclusionary spatial logic that results in excluding people from fully 
participating in societal life. The internal building design and the city layout that doesn’t take 
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into account the mobility requirements of people with impairments create risks for their injury 
and social exclusion (Imrie, 1996). 
“A potential outcome is disabled people's withdrawal from places that they find difficult to use 
or where there is a threat to their safety and well-being.“ 
- Imrie (2012, p. 2261) 
Some theorists explored the role of different aids in overcoming disabling spatial 
configurations. Toombs (1992) considers mobility aids such as a wheelchair or a white cane 
as objects that can expand the space limited by the illness and disability and enable the person 
to move through this space. She finds that these objects afford “being-in-the-world“. Leder 
(1990) looks at a white cane not as an object, but as a technology that extends the radius of 
touch and provides a parallel to sight to a faulty body, offering the affordance of mobility. 
Therefore, even if the body is impaired and the built environment is disabling, there are ways 
to mediate between the two using mobility aids in some cases. At the same time, when the 
spaces are designed with exclusionary spatial logic, there is the possibility for the affordances 
that can be designed-in, such as ramps instead of steps (Norman, 1999), to account for the 
use of certain mobility aids. Although these concepts provide repairing solutions, the built 
environment should be designed from the start to accommodate people with impairments and 
the use of their necessary mobility aids. 
If people with impairments cannot move in designed spaces, such as venues, meetings, lifts, 
offices, transport and many other public spaces (Gleeson, 1999), mobility becomes an issue 
of potential exclusion (Imrie & Thomas, 2008). Immobilities, therefore, can be considered as 
social exclusion in the realm of participation, social practice and social inclusion (Hannam, 
Sheller, & Urry, 2006). Mobility becomes a parameter that divides people into the able-bodied 
and disabled, depending on the spatial context. When designing new spaces on all scales, 
from rooms and buildings to urban spaces, it is necessary to account for the different levels 
and types of mobility of the potential users of that space. 
To solve the issue of disabling environments and spatial segregation, architects and planners 
need to turn to structures that meet the needs of a wide range of different bodies (Freund, 
2001). It is important to shift the focus from looking at which bodies can function in a specific 
spatial context, to the types of structures that can accommodate the widest variety of bodies 
and move from individual bodies to the “social body“ (Freund, 2001). At the same time, when 
creating these environments and considering the needs of persons with impairments, it is 
crucial not to create a disabling environment for non-disabled individuals. The design of non-
disabling spaces is, therefore, a complex task that requires a great amount of research and 
understanding of the spatial needs of all users of the potential designed space. Since the focus 
of this research study is on the relationship between the stroke patients and the built 
environment of rehabilitation clinics, it is necessary to examine what kind of rehabilitation 
environment constitutes a non-disabling space. 
2.1.2.3 AFFORDANCES OF THE BUILT ENVIRONMENT 
In the stroke rehabilitation context, it is crucial to understand if a building of the rehabilitation 
clinic provides a space for rehabilitation, not only by offering rooms where the rehabilitation 
practices will take place, but also if the building itself is rehabilitative in its organisation. 
Rehabilitation clinics are places of rehabilitation, therefore places where the physical 
restoration of a sick or disabled person takes place, but do these buildings really afford 
rehabilitation? Affordance, a term coined by J.J.Gibson in 1979, is used to describe properties 
of the environment that are not physical and can’t be directly measured, but offer the insight 
into the potential relationship between environment and its users. Gibson originally defined 
them as: 
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“The affordances of the environment are what it offers the animal, what it provides or furnishes, 
either for good or ill. The verb to afford is found in the dictionary, the noun affordance is not. I 
have made it up. I mean by it something that refers to both the environment and the animal in 
a way that no existing term does. It implies the complementarity of the animal and the 
environment. “ 
- Gibson (1979, p. 127) 
In its simplest definition applicable to the built environment, affordances are “possibilities for 
action in the environment“ (Sanders, 1997, p. 108). The basic concept of affordances is 
understood from Gibson’s answer to the fundamental question: “Why has man changed the 
shapes and substances of his environment? To change what it affords him“ (Gibson, 1979). 
Therefore, creating and changing affordances could be understood as a motivation for any 
design project (Maier & Fadel, 2009). These affordances can be positive (desired) or negative 
(undesired) for different users (Gibson, 1979). It is not enough to design an artefact to 
accomplish certain goals if that artefact also accomplishes undesired goals (Maier & Fadel, 
2009). 
According to Koutamanis (2006), the affordances in architectural design create the potential 
ability “to understand and utilize different aspects of users, including different degrees of 
mobility, perceptual or cognitive capabilities.“ (Koutamanis, 2006, p. 362) An affordance theory 
gives a foundation for understanding the relationship between the users (in this case stroke 
patients) and the built environment (rehabilitation clinics). This relationship is fundamental 
because of the health state of the users of this built environment. Since the users are in a 
vulnerable health state, they are more reliant on the built environment, which, therefore, has a 
stronger influence on them (Lawton & Simon, 1968). The barriers that are not perceived by 
able-bodied persons can pose significant challenges for patients with physical and cognitive 
impairments, and small details such as a grab bar on the wall can be a great help for patients 
in a wheelchair, while often not even noticed by able-bodied users of the space. A walkable 
corridor for a patient that can walk and for a patient that uses mobility aids does not always 
look the same.  
In the context of affordance theory, the design process was defined by Maier & Fadel (2009) 
as a search for an artefact that: holds all the positive (desired) affordances and does not 
possess any negative (undesired) affordances. Although this design phase can be interpreted 
as the “architectural programming“ in the context of architectural design, the concept of 
affordances can be related to all other phases of architectural design as well (Maier & Fadel, 
2009). It is necessary for the designers to have knowledge of the context in which the building 
would be used, not just in form and function, but also in what needs to be accomplished with 
the building (Maier & Fadel, 2009). Otherwise, many unintentional consequences might be 
revealed only after the building has been in use for some time, such as “unexpected 
behaviours, adaptation, interpretation error, signage, and obsolescence” (Maier & Fadel, 
2009). 
It is important that healthcare buildings, where users are in a vulnerable health state, have well 
designed positive affordances to facilitate patients’ recovery. There are some examples of 
affordances that are not properly designed in a healthcare setting. In rehabilitation clinics, there 
is often a complex signage system employed to help patients navigate through the large and 
complicated building layouts. According to Maier & Fadel (2009), “signage is often used to 
compensate for the lack of properly designed affordances.“ (Maier & Fadel 2009, p. 408)  For 
any object, its structure should indicate how it should be used (what it affords) and no 
explanation should be necessary (Norman, 1988). That being so, better architectural designs 
don’t require signage because their structure should clearly indicate how they should be used. 
The opposite is often the case in healthcare facilities, where signage is used as a repairing 
layer, attempting to clarify the layout that was not well designed (or was adapted from another 
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function). In those cases, an elaborated and complicated colour-coded wayfinding system 
becomes a challenge in itself for patients and visitors. In healthcare buildings, as large and 
complex facilities, some form of signage system is necessary to communicate the locations of 
different spaces to its users, but this signage system should not be the only factor that the 
users are relying on to navigate. The building layout itself should afford the users to find their 
way without solely relying on the signs. A layout that is not affording the easy wayfinding is 
possibly creating a negative affordance: getting-lost-ability. 
Personal cognitive characteristics of each person could be related to different ways of 
perceiving affordances in a spatial context (Kim, Lee, Park, Kim & Kim, 2009). It could also be 
that the perceived (and experienced) body limitations could be related to a diverse way of 
perceiving affordances in the built environment. This could especially be the case in a spatial 
context such as a rehabilitation clinic, where all patients are in an unfamiliar environment, 
brought there by a sudden disease and unable to function independently. Mobility and 
accessibility are the concepts that are immensely important to the lived experience of disability 
(Gleeson, 1999), particularly for patients in rehabilitation where independent mobility is one of 
the main goals of rehabilitation.  
By perceiving the layout and composition of surfaces (which constitute affordances), the 
observer can perceive what they afford (Gibson, 1979). All affordances and properties of 
things, positive or negative, need to be taken with reference to the observer (Gibson, 1979), 
not only to their perception abilities but also on their prior experiences. The meaning of the 
same architectural feature depends on each individual, as well as the affordances of that 
feature, hence, the same property of the built environment can be perceived as a different 
affordance for different people. Therefore, it is necessary to identify and understand the users 
of the future design project, to design for the desired affordances.   
To design more adequate future buildings, it is important to also examine the performance of 
the already existing buildings. Systematic investigation of how the buildings function in real life 
and if they satisfy the needs of their various users can create a scientific basis for designing 
new projects. This kind of process is already being developed for several decades in the form 
of evidence-based design and it is gaining more momentum in recent years. The increased 
interest in examining the existing buildings, especially in the healthcare sector, might be due 
to the fairly consistent findings that the built environment can have a significant influence on 
its users’ well-being. 
2.1.2.4 EVIDENCE-BASED DESIGN FOR HEALTHCARE FACILITIES 
When examining the relationship between stroke patients and the built environment of 
rehabilitation clinics, it is important to highlight the spatial context of rehabilitation clinics. 
Healthcare buildings are built to accommodate complex care functions and their design quality 
is often not considered as important. Only in the recent decades, spatial qualities of healthcare 
facilities started gaining the attention of researchers, after a study by Roger Ulrich (1984) that 
showed that a view through the window of a patients’ room had an influence on their pain 
medication intake levels. Since then, many research studies examined the relationship 
between the healthcare environment and its users. The main basis of the evidence-based 
design (EBD) in healthcare settings today is to provide evidence that certain design aspects 
can affect patients’ outcomes and well-being. “Evidence-based design is a process for the 
conscientious, explicit, and judicious use of current best evidence from research and practice 
in making critical decisions, together with an informed client, about the design of each 
individual and unique project” (Stichler & Hamilton, 2008, p. 3). This evidence is targeted at 
architects, planners and healthcare professionals involved in the design of healthcare facilities, 
to provide an environment for their faster recovery, better psychological health, etc. Therefore, 
the evidence-based design studies examine whether the built environment of healthcare 
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facilities affords healing, recovery, well being and other aspects of patients that undergo 
various kinds of medical treatments. 
2.1.3 Summary 
Stroke affects not only motor capability, but also cognitive and speech capability, memory, and 
concentration. Therefore, it is necessary to investigate the needs of stroke patients as a 
separate group in the built environment. Stroke patients are a special group because of the 
described post-stroke conditions that are not completely comparable to other health conditions. 
When examining the relationship between the body with impairments and space, the social 
disability model diverts attention from the impairments caused by the disease and focuses on 
the external factors that create the disabling environment. Although the body is often 
experienced as impaired only in contact with space, the (dis)ability at least partly lies in the 
(dis)abled body and it does not simply emerge from the spatial context.  
Since stroke survivors are often in a vulnerable health state, they are more dependent on the 
built environment around them. It is, therefore, necessary, especially in the environment of 
healthcare buildings, to design well created positive affordances to enable and aid the patients’ 
recovery process. While patients go through the different phases of rehabilitation, their 
impairments and the command of impairments changes, together with their spatial needs. The 
buildings of rehabilitation clinics need to be built in a way to accommodate this change and 
transition. The evolving evidence-based design could be a potential strategy to examine the 
ways the built environment can contribute and participate in the rehabilitation process of stroke 
survivors. 
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2.2 Existing research on stroke patients in healthcare facilities 
There is already a significant body of evidence that the built environment can have a positive 
impact on patients in healthcare facilities. Spatial influence on hospital patients and patients 
with dementia are topics that were investigated in a large variety of studies. At the same time, 
the relationship between the well-being of stroke patients and the built environment is a seldom 
explored topic. The purpose of the following review of the existing studies investigating the 
relationship between the healthcare environment and stroke survivors is to evaluate their 
results and research quality and to identify significant research gaps.  
2.2.1 Characteristics of the existing research  
From January 1980 until December 2018, eighteen research studies about stroke patients in 
healthcare environments were identified. Two studies came from the USA, three from Australia 
and the rest were European studies. These research studies addressed different topics related 
to space and stroke patients in different healthcare settings and used various data collection 
methods. 
2.2.1.1 SELECTION PROCESS 
The literature review was performed using study-related search terms (Table 3). The search 
terms were divided into three categories, where the first category in its two variations (with or 
without the term between the brackets) was always present as a part of the search string. The 
first category was firstly combined with each of the terms from the second category, one term 
at a time. Since this search did not produce many results related to architecture and built 
environment, the third category was added to furthermore specify the literature search focus. 
The literature review was conducted using the following databases: PubMed, CINAHL, Web 
of Science and Google Scholar, as well as hand-searched articles and articles found in the 
references. 
   Table 3: Search terms used in the literature search 
1. Constant search 
term 
2. Additional search terms: 
location 
3. Additional search 
terms: 
description 
stroke (patients) 
healthcare environment 
healthcare built environment 
rehabilitation clinic 
rehabilitation environment 
clinic 
hospital 
unit 
design 
layout 
architecture 
space 
organisation 
barriers 
Titles and abstracts of the identified articles were evaluated for relevance to the topic of the 
relationship between stroke patients and the healthcare built environment. The scanned 
papers needed to satisfy the following criteria to be included in the literature review: 
1. Empirical studies (quantitative, qualitative or mixed-method) written in English and published 
in peer-reviewed journals between January 1980 and December 2018; 
2. Study participants were recovering from a stroke; 
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3. The relationship between stroke patients and the healthcare environment design was 
addressed. 
4. The studied relationship was related to patients’ recovery process, activities and behaviours 
or physical and psychological well-being. 
Although there was a vast number of search results in each of the databases for the presented 
search terms, the great majority were strictly medical studies or studies related to the use of 
different machines and devices for exercise and mobility. There was a clear lack of empirical 
studies discussing the space and the influence of architectural design in the context of stroke 
rehabilitation. Even if the paper mentioned space in the title or abstract, it was discussed purely 
as a setting where different kinds of measurements were taken and not concerning patients’ 
rehabilitation process, activity levels, well-being, etc. Only eighteen out of a substantially high 
number of identified articles (e.g. 6094 articles only on the Web of Science) satisfied all four 
inclusion criteria and were included in the literature review. 
2.2.1.2 RESEARCH METHODS 
The main research methods used in the analysed papers are participant observation 
(behavioural mapping), questionnaires and interviews. Behavioural mapping was the most 
dominant method used in 12 out of 18 studies. It is a very useful method to study actions in 
context and to map real-time activities and interactions. Questionnaires, interviews and a focus 
group were used to understand participants’ experiences and opinions on different topics 
related to space and their life quality after a stroke.  
Chosen research methods were also reflected in the study sample sizes. Behavioural 
mapping, as a mainly quantitative research method, asks for a much larger sample size 
compared to interviews. With the in-depth interviews, a sample of fewer than 10 participants 
was enough to explore a certain topic, while this was not the case with behavioural mapping. 
2.2.1.3 RESEARCH SETTINGS 
There are four main settings where all the studies were conducted (Table 4). These settings 
are stroke unit in a hospital, a general hospital ward, geriatric care unit and a rehabilitation 
ward/clinic. Research in hospital stroke units is the most dominant topic since these units are 
the standard for acute stroke care in many countries. They are a part of a hospital where stroke 
patients come for immediate treatment after the onset of stroke and where their rehabilitation 
starts. Only one study was conducted on a scale of the whole building, a rehabilitation clinic. 
2.2.1.4 SPATIAL DESCRIPTION 
Although most of the studies investigate the relationship of stroke survivors with the built 
environment, they often do not describe the built environment, or the description is very brief 
and non-specific. Only six research studies offer a detailed textual description of the built 
environment and two studies offered both the detailed description and the floor plans of the 
stroke units where the studies were conducted. Without the detailed description and the visual 
information (photos, floor plans, etc.) it is difficult to understand the nature of the space where 
the study was conducted and how the spatial features mentioned could have an impact on the 
well-being of patients. 
There is a clear lack of analysis of spatial features in all studies. Even the two research studies 
that offered floor plans do not discuss the spatial features in detail. The discussion is 
descriptive and reflexive, without directly analysing the impact of the spatial features on the 
activities or well-being of stroke patients. 
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   Table 4: Characteristics of the included studies 
No. 
First author, 
year,  
country 
Participants 
n = 
(age in years) 
Data collection 
method 
Research setting 
Spatial 
description 
1 
Ada 
1999 
Australia 
16 
(median 69) 
behavioural mapping 2 stroke units 
brief textual 
description 
2 
Anåker 
2017 
Sweden 
59 
(mean 76,66) 
behavioural mapping stroke unit 
detailed 
textual 
description 
3 
Anåker 
2018 
Sweden 
55 
(mean 70,93) 
field notes, 
observations 3 stroke units 
detailed 
textual 
description, 
floor plans 
4 
Anåker 
2018 
Sweden 
16 
semi-structured 
individual interviews stroke unit 
detailed 
textual 
description, 
floor plan 
5 
Åstrand 
2016 
Sweden 
190  
(104 rehabilitation, 
86 acute) 
behavioural mapping 
4 rehabilitation 
wards 
1 acute stroke 
unit 
brief textual 
description 
6 
Bernhardt 
2004 
Australia 
58 
(mean 71.3, SD 12.6) 
behavioural mapping 5 stroke units no description 
7 
Daemen 
2014 
Netherlands  
and Belgium 
not stated, 
patients and staff 
observation, 
shadowing, semi- 
structured interviews 
two neurology 
departments 
of two hospitals 
no description 
8 
De Wit 
2005 
Belgium, UK, 
Germany, 
Switzerland 
60 in each of the 4 
clinics behavioural mapping 
4 rehabilitation 
clinics no description 
9 
Erikson 
2009 
Sweden 
7 
(average 52,57) 
longitudinal  
semi-structured 
interviews 
places of 
rehabilitation, 
home, work 
no description 
10 
Keith 
1980 
USA 
47 
(average 66,8) 
behavioural mapping stroke unit 
brief textual 
description 
11 
Keith 
1987 
USA 
63 
(mean 65,13) 
behavioural mapping 3 hospitals 
detailed 
textual 
description 
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No. 
First author, 
year,  
country 
Participants 
n = 
(age in years) 
Data collection 
method 
Research setting 
Spatial 
description 
12 
Lampinen 
2003 
Sweden 
8 
(average 79,12) 
semi-structured 
interviews and 
observation 
geriatric 
stroke unit 
no description 
13 
Lincoln 
1989 
UK 
two groups of 15 behavioural mapping stroke unit 
no 
description, 
schematic 
floor plan 
14 
Mackey 
1996 
Australia 
16 
(mean 69.5, SD 13.39) 
behavioural mapping 2 stroke units 
detailed 
textual 
description 
15 
Newall 
1997 
UK 
67 
(average median 
61,2) 
behavioural mapping 
neurological 
rehabilitation 
ward 
brief textual 
description 
16 
Perovic 
2017 
Montenegro 
100 
(27 patients under 65, 
73 patients above 65) 
Hospital Anxiety and 
Depression Scale 
(HADS) 
hospital 
detailed 
textual  
description 
17 
Pound 
1999 
UK 
36 
(average median 74) 
behavioural mapping 
stroke unit 
elderly care unit 
general ward 
no description 
18 
Skarin 
2013 
Sweden 
104 
(mean 70.3, SD 14.4) 
behavioural mapping 4 stroke units 
brief textual 
description 
2.2.2 Summary of the results 
Most studies investigating the healthcare environment and stroke are observational studies or 
qualitative exploratory studies. There is a lack of experimental (randomized) or quasi-
experimental studies in the field, which means that there is a lack of high-level evidence to 
inform the design decisions. In many of the existing studies, the impact of the physical 
environment is not explicitly tested, but the potential influence is discussed in the discussion 
and conclusion paragraphs.  
In most of the existing research studies, the results cannot be regarded as evidence-based 
since the sample size is too small or the connection to space is not clearly defined. 
Nevertheless, the results offer an insight into the recovery process in different rehabilitation 
facilities, while focusing on various themes. There are seven main topics addressed in the 
existing research studies: 
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1. Patients are inactive; 
2. Physical environment is hindering; 
3. Better accessibility increases activity levels; 
4. Room environment has no effect on psychological well-being; 
5. Built environment promotes loneliness; 
6. View to the outside provides positive distraction and 
7. Spatial needs are changing during recovery. 
Each of the investigated topics gives a different perspective on the stroke survivors’ 
experiences in the built environment of rehabilitation facilities. The main results and 
conclusions for each of the investigated topics are summarized. The level system developed 
by Stichler in 2010 and adapted by Marquardt, Bueter & Motzek in 2014 was used to access 
the scientific quality of the available literature (Table 5). Assigning a quality level is an important 
part of evidence-based design (EBD), whose goal is to transfer existing research findings into 
design decisions (Stichler, 2010). The level system is used for understanding the scientific 
validity of the studies and how the results could inform the design decisions in the best way 
(Marquardt & Motzek, 2013). The higher assigned level signifies the higher validity of the 
research study results. 
Table 5: Levels of Evidence for Healthcare Design (reprinted from Marquardt, Bueter &  Motzek, 2014 
(Stichler, 2010) 
 
All existing research studies on stroke patients belong to either level 3b or level 5. Level 3b 
signifies cross-sectional studies, case-control studies, or qualitative research that is based on 
a literature review or a theoretical framework, reports a clear method and considers a diversity 
of views. Qualitative research that did not meet the criteria of Level 3b belongs to Level 5. 
Since it is difficult to conduct randomized and blinded studies in healthcare facilities (Marquardt 
& Motzek, 2013), studies that belong to level 3 are already on a high enough level to be 
considered in design decisions. 
  
52  
1. PATIENTS ARE INACTIVE 
Level of physical activity of stroke patients is the most explored topic among the studies on the 
relationship between the built environment and the stroke patient. Studies investigating this 
topic in a healthcare setting mostly used behavioural mapping as a method to access the level 
of activity, locations and social interactions of stroke patients. The patient activity emerged as 
the most investigated topic since the main goal for inpatient rehabilitation after a stroke is for 
the patient to gain a higher degree of independence, enabling participation in the community 
and social reintegration. Low levels of activity are contradicting the concept of stroke care, 
where patients should be highly active in the first months after the stroke onset. 
One study found that the time spent away from bed increased when a rehabilitation 
environment with better accessibility for disabled patients was provided (Newall et al., 1997). 
Another study that compared the patient activity in a general medical ward and a stroke unit 
found that general ward patients spent more time in their rooms are were less active than the 
patients on the stroke unit (Pound et al., 1999).  It demonstrated that the directed stroke care 
(stroke unit) has a positive effect on the patient activity levels compared to the care on the 
standard hospital ward. Although the stroke units have a positive influence in general, their 
benefit differs depending on their organisation. Lower levels of patient activity were identified 
in stroke units with single-room design compared to the unit with a combination of single and 
multi-bed rooms (Anåker et al., 2017; Anåker et al., 2018). The reasons for this could be that 
patients in single rooms preferred to spend their time alone in their rooms or that the stroke 
unit environment didn’t offer possibilities for different activities. 
After acute care in stroke units, some patients continue rehabilitation in rehabilitation clinics 
(wards). Although rehabilitation patients are in better health state than the acute stroke unit 
patients, a study of Åstrand et al. (2016) found that acute and rehabilitation patients were not 
different in time spent in moderate-to-high physical activity. The result is in contrast with the 
expected higher activity levels in patients that are in better physical shape (higher proportion 
of independent walkers in the rehabilitation group). The authors argue that this inactivity could 
potentially be linked to the unsupportive physical environment. The comparison of activity 
levels in four European rehabilitation clinics by De Wit et al. (2005) identified similar inactivity 
of patients in all clinics. It was also found that the patients in the German and Swiss 
rehabilitation clinic spent significantly more time in the corridors than the patients of the other 
two clinics. It is not clear what caused this result since no spatial description or floor plans were 
presented. 
Result Authors Year Level 
Patients are inactive for more than 50%  of the day. 
Ada, Mackey, Heard & 
Adams 
1999 3b 
Anåker, von Koch, 
Sjöstrand, Bernhardt & 
Elf 
2017 3b 
Anåker, von Koch, 
Sjöstrand, Heylighen & 
Elf 
2018 5 
Bernhardt, Dewey, Thrift 
& Donnan 
2004 3b 
De Wit, Putman, 
Dejaeger, Baert, 
Berman, Bogaerts…& 
De Weerdt 
2005 3b 
 Keith 1980 3b 
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Patients are inactive for more than 50%  of the day. 
Mackey, Ada, Heard & 
Adams 
1996 3b 
Pound, Sabin & Ebrahim 1999 3b 
Skarin, Sjöholm, 
Lundgren Nilsson, 
Nilsson, Bernhardt & 
Lindén 
2013 3b 
Lincoln, Gamlen & 
Thomason 
1989 3b 
Patients are more active in the stroke unit with a 
combination of single and multi-bed rooms. 
Anåker, von Koch, 
Sjöstrand, Heylighen & 
Elf 
2018 5 
Locations of the most activities outside of therapy 
time are bedroom and corridor. 
Keith 1980 3b 
Patients show passive behaviour for 42% of the day 
in a hospital. 
Keith & Cowell 1987 3b 
Although patients spent around 46% of the time in 
the day room/reception area, they spent it in 
inactive individual tasks or isolated disengagement. 
Lincoln, Gamlen & 
Thomason 
1989 3b 
Time spent away from the bedsides increased by 
86% overall after the ward was refurbished as 
accessible for disabled patients. 
Newall, Wood & 
Langton Hewer 
1997 3b 
General medical ward patients were more likely to 
be in the bay and bed than patients on the stroke 
unit. 
Pound, Sabin & Ebrahim 1999 3b 
Patients spent more time in their rooms, were less 
active, and had fewer interactions with staff and 
family in a new unit with single rooms. 
Anåker, von Koch, 
Sjöstrand, Bernhardt & 
Elf 
2017 3b 
Patients in a German and Swiss rehabilitation clinic 
spent significantly more time in corridors than 
patients from clinics in Belgium and the UK.  
De Wit, Putman, 
Dejaeger, Baert, 
Berman, Bogaerts…& 
De Weerdt 
2005 3b 
Rehabilitation patients spent significantly less time 
in their bedroom than acute patients. Patients in the 
rehabilitation group did not spend more time 
involved in moderate-to-high physical activity (sit 
unsupported, stand, walk) than patients in the acute 
phase of care. 
Åstrand, Saxin, Sjöholm, 
Skarin, Linden, Stoker… 
& Cumming 
2015 3b 
Since 1980, when the study of Keith et al. was conducted, until today, there has been no 
significant change in the observed activity levels of stroke patients. Although these studies are 
not all conducted in the same type of rehabilitation facility, they show very similar results. 
Common conclusions are that the activity levels of stroke patients are low in general (Ada et 
al., 1999; Bernhardt et al., 2004; De Wit et al., 2005; Keith et al., 1980; Mackey et al., 1996; 
Pound et al., 1999; Skarin et al., 2013; Keith & Cowell, 1987; Lincoln, Gamlen & Thomason, 
1989), which is in contrast with the concept of stroke care. This finding is significant since 
physical activity is one of the main issues in stroke care. To achieve maximum functional 
recovery, patients need to avoid bed rest and to be active, even during their free time in 
rehabilitation facilities.  The results of all identified research studies highlight the discrepancy 
between the patients’ activity levels and stroke care recommendations. 
  
54  
2. PHYSICAL ENVIRONMENT IS HINDERING 
The physical environment of healthcare facilities, home environment and urban environment 
can pose certain barriers that people without stroke do not encounter. The encountered 
barriers in the physical environment both in the healthcare environment and in home/urban 
environment are mainly caused by post-stroke conditions that limit the motor function of stroke 
survivors, as well as their cognitive capabilities, memory and concentration. Assistive devices 
such as a walker or a wheelchair are used to help patients to be independently mobile, but the 
completely accessible environment for these assistive devices is not always available. 
Two research studies did not investigate the physical environment barriers in healthcare 
facilities directly, but reported them as part of the field notes and discussed them as the 
possible reasons for lower activity levels of patients (Anåker et al., 2017; Anåker et al., 2018). 
In the study of a Swedish stroke unit before and after reconstruction, it was found that patients 
were much less active after the stroke unit was renovated (Anåker et al., 2017). The 
researchers discuss that the changes in the built environment, such as the transformation to 
only single-bed rooms and the patient’s lounge, could have been a reason for the decrease in 
patients’ activity levels.  
Result Authors Year Level 
Changes in the design of the stroke unit may have 
decreased the levels of patients' activities and 
interactions. 
Anåker, von Koch, 
Sjöstrand, Bernhardt & 
Elf 
2017 3b 
Wayfinding, limited space, physical obstacles 
(items), poor lighting, closed doors to patients’ 
room, invisible entrance to patients’ lounge and 
walk-through therapy room were discussed as 
potential barriers to patients’ activity. 
Anåker, von Koch, 
Sjöstrand, Heylighen & 
Elf 
2018 5 
When the activity levels in three Swedish stroke units were compared it was concluded that 
patients spent most of their day alone in their rooms, with slight differences in the time spent 
in the patient lounge (Anåker et al., 2018). Some spatial features were speculated to be the 
reason for low activity levels, but none of them was further analysed. Therefore, it is difficult to 
access if these spatial features truly influence the activities and interactions of stroke patients. 
The hindering environment in stroke units could be the reason for low activity levels, together 
with the health state that the patients are in. Stroke units are usually a part of a hospital, and 
it is sometimes not possible to design their layout specifically for stroke rehabilitation purposes.  
Low activity levels of patients during rehabilitation could potentially be linked to hindering 
physical environment, but this relationship is not investigated enough. Rehabilitation facilities 
are buildings where patients need to exercise their independence for returning to their normal 
life. The hindering environment and the low activity levels are in contrast with the main goal of 
rehabilitation. This suggests that the current rehabilitation environment does not offer enough 
possibilities for the activity and may actually promote a culture of inactivity (Anåker et al., 2017). 
3. BETTER ACCESSIBILITY INCREASES ACTIVITY LEVELS 
Since patients have shown low activity levels in all studies on the time use of patients in 
healthcare facilities, research is needed on strategies on how to motivate the activity and 
increase the activity levels. One descriptive study pointed out spatial factors that could possibly 
act as physical environment facilitators, such as adequate space, handrails in the corridors 
and large entrance to patient lounge (Anåker et al., 2018). These facilitators are proposed 
based on field notes and observations and are not tested for their true effect on the activity 
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and mobility of stroke patients. It is unknown whether the proposed spatial elements would 
increase the activity of patients in healthcare facilities. Only one study found an increase in 
patient activity after the provision of an environment with better accessibility for disabled 
patients, although the changes in the environment were not specified in detail (Newall et al., 
1999). The study was conducted in a refurbished 16-bed rehabilitation unit with a single pre-
discharge bedroom, fitted kitchen, computer/therapy room, practice steps, lounge, 
patio/gardens and a dining room used also as an activities area.  
Result Authors Year Level 
Adequate space, large entrance to patients’ lounge, 
large room number on the door, handrails in the 
corridors, contrasting colours and easily accessible 
and bright training facilities were discussed as 
potential facilitators to patients’ activity. 
Anåker, von Koch, 
Sjöstrand, Heylighen & 
Elf 
2018 5 
Rehabilitation environment with better accessibility 
for disabled patients increased the patients’ 
activity levels. 
Newall, Wood & 
Langton Hewer 
1997 3b 
It is unclear how the built environment of rehabilitation facilities influences the patients’ 
activities. Stroke patients could be inactive because of the lack of supporting physical 
environment. They don’t experience the built environment in the same way as they did before 
a stroke. Even the environment of their own home becomes hindering and unfamiliar after the 
discharge from a hospital or rehabilitation facility (Lampinen & Tham, 2003). For allowing and 
supporting the patients to be more active and mobile, main barriers in the built environment 
need to be removed. It is a challenge for architects to design rehabilitation environments that 
will facilitate and motivate the patient activity and participate in the rehabilitation process. 
4. ROOM ENVIRONMENT HAS NO EFFECT ON PSYCHOLOGICAL WELL-BEING 
Only one study investigated the spatial influence on depression and anxiety in a healthcare 
facility, more specifically in bed-confined stroke patients in a hospital ward. Two groups were 
compared, one in the rooms before reconstruction, with many beds, white walls, not enough 
natural light and greenery and the other in fully equipped and radically transformed rooms to 
the apartment level of comfort, with warm colours, greenery and large windows with a lot of 
natural light (Perovic & Perovic, 2017). No significant effect of the change of hospital room 
ambient was found on the degree of anxiety and depression. 
Result Authors Year Level 
No difference in expressing signs of anxious-
depressive syndrome between groups of patients 
in different hospital environments. 
Perovic & Perovic 2017 3b 
Regardless of their study results, the authors argue that improving the design of healthcare 
environments is beneficial for the patients and that it contributes to patients’ satisfaction with 
the treatment process as well as to the better patients’ mood. 
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5. BUILT ENVIRONMENT PROMOTES LONELINESS 
One qualitative study examined the way stroke patients experience the built environment of a 
stroke unit. Semi-structured interviews revealed that patients value their privacy in single 
rooms, but that they also create a feeling of emptiness and loneliness. There was also a lack 
of pleasant common rooms where patients could socialize, which additionally added to the 
feeling of loneliness. The authors recommend designing communal areas as more 
encouraging environments for social interactions to reduce loneliness. 
Result Authors Year Level 
Single patient rooms and the lack of pleasant 
common spaces for socializing create a feeling of 
loneliness. 
Anåker, von Koch, 
Heylighen & Elf 
2018 5 
6. VIEW TO THE OUTSIDE PROVIDES POSITIVE DISTRACTION 
The same research study (Anåker et al., 2018) found that patients value the views of the 
outside world, not only of nature but also of the various outdoor activities (e.g. construction 
workers). These views were characterized by patients as providing a distraction from 
hospitalization and their illness. The nature views were also described as calming and creating 
a sense of serenity.  
Result Authors Year Level 
View to the outdoor and natural elements facilitate 
well-being, while the view on outdoor activities 
provides a distraction from the illness. 
Anåker, von Koch, 
Heylighen & Elf 
2018 5 
7. SPATIAL NEEDS ARE CHANGING DURING RECOVERY 
One qualitative study looked at the role the environment plays during the process of being 
treated for and recovering from a stroke (Daemen et al., 2014). They suggested that the needs 
for the environment change in different recovery stages. The only spatial elements that were 
considered were: single versus multi-patient rooms and dosing stimulus load. As several 
qualitative research methods were used and the number of participants was not specified, if it 
is difficult to evaluate the study results. 
Result Authors Year Level 
Requirements for the environment differ 
significantly for different stages in rehabilitation. 
Daemen, van Loenen 
& Cuppen 
2014 5 
2.3 Conclusion 
The relationship between stroke patients and the built environment is often quite complex. This 
chapter has reviewed the two key aspects of this relationship: the various post-stroke 
impairments that could influence the relationship with space and the aspects of the disabling 
built environment that create physical limitations. This review has established the social 
disability model and the affordance theory as the two main elements of the theoretical 
framework for this research study. 
This chapter has also attempted to provide a brief summary of the available research related 
to the relationship between the built healthcare environments and stroke patients. The main 
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findings of the reviewed studies depict the built environment of healthcare facilities that 
promotes inactivity and loneliness during recovery. This is in contrast with the main 
recommendations of stroke care to minimize bed rest, to avoid depressive symptoms and 
increase physical function and independence. In summary, it has been shown from this review 
that the built environment of stroke care facilities is often incompatible with the patients’ 
vulnerable health condition and with the organisation of care. The evidence-based design 
knowledge is still lacking and it is needed to design buildings that are working together with 
the concept of care and that contributing to the rehabilitation process. The research gap that 
emerged from the review of the existing research studies will be further discussed in the next 
chapter. 
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3 RESEARCH STUDY DESIGN 
Previous two chapters introduced the specific context of this research study, as well as the 
existing research on the topic of stroke patients in healthcare built environments. The research 
gap, research aim and research questions driving this study are presented in this chapter, 
followed by the methods developed to answer the research questions and the description of 
the research study design, which includes the selection of research settings and participants. 
Lastly, the chapter ends with the hypotheses that directed the analysis of the data collected 
during the field study.  
3.1 Research gap 
It is evident from the existing literature review (see 2.2 Existing research on stroke patients in 
healthcare facilities) that the relationship between stroke patients and the built environment 
has been investigated from several different perspectives, using different data collection 
methods and with various levels of scientific quality. General findings are consistent in 
demonstrating that stroke patients in healthcare facilities are inactive and that they encounter 
barriers in the physical environment. Such approaches, however, failed to directly investigate 
and test the stroke survivors‘ relationship with space. The conclusions and discussions about 
spatial elements emerged from qualitative observations, interviews and field notes. The 
general absence of visual communication of layout design and spatial features makes it difficult 
to understand the results of these research studies and to draw conclusions for the future 
design of rehabilitation clinics. When the relationship with space is investigated, the 
identification and analysis of the spatial features potentially contributing to the study result are 
necessary. The lack of architectural analysis in all the available studies opens a question of 
the generalizability of their results and contribution to the evidence-based design knowledge. 
Therefore, there is a clear lack of evidence on the influence of spatial design on the well-being 
and activity levels of stroke patients in healthcare environments.  
The research to date has tended to focus on stroke unit design and hospital design rather than 
on the design of rehabilitation clinics. Only one of the identified research studies was 
conducted in a rehabilitation clinic setting. Their demanding functional program, large size and 
the special circumstance of patients living there for at least several weeks makes them a 
challenging setting for investigation. Thus, none of the previously published studies 
investigated spatial features of rehabilitation clinics and how they should be organised to 
accommodate the organisation of care and to contribute to the well-being of patients.  
Rehabilitation clinics are an important setting to be examined because of their significance in 
the stroke patients’ recovery process. After the sudden event of a stroke, patients experience 
loss of control over their daily lives and becoming dependent on other people. The 
rehabilitation process is their opportunity to re-learn their daily skills and to return to normal 
social and work life. There is a definite lack of research on how to make the patients feel more 
independent and in control during their stay in the rehabilitation clinic. Although the usual 
strategy of the rehabilitation clinics is to motivate patients to be active and independent by 
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going to therapies on their own, many patients are not able to do so because of their physical 
and cognitive impairments. The clinics’ usual solution to organise a transport service that takes 
patients from their rooms to therapies several times per day results in patients losing even 
more control and independence.  
Patients that are in a state of transition towards autonomy during the rehabilitation process 
need appropriate support to increase their autonomy level, and they require less support after 
they regained autonomy. The support towards autonomy comes not only from the care 
organisation, treatment from the staff members and emotional support from family but also 
from the built environment itself. The physical environment of the rehabilitation clinics needs 
to adapt to patients’ changing needs during the transition towards autonomy. The level of 
contribution of the built environment in the stroke patients’ independence needs further 
investigation, with the focus on providing a supportive environment for the rehabilitation 
process.  
The new evidence-based design knowledge on how to design rehabilitative built environments 
is, therefore, needed. Stroke numbers are constantly increasing, making it necessary to refine 
the design of rehabilitation facilities to improve patients’ well-being and recovery times and 
reduce the burden on society and caregivers. The health care concepts are continually 
improving, but the architectural design of rehabilitation facilities is stagnating without any new 
knowledge on their potential role in the rehabilitation process. Since the design of the 
rehabilitation clinics is still not based on any scientific evidence, each new building or a 
renovation project is an experiment with a risk of inadequate performance and great financial 
losses.  
3.2 Research aim 
The main aim of this research study is to produce the first evidence on how the built 
environment of rehabilitation clinics influences the well-being and recovery of stroke patients, 
focusing on the independent mobility as the main goal of rehabilitation. Since there is currently 
very limited knowledge on the topic available, this study will provide the first insight into this 
relationship and examine it using empirical research and architectural analysis. In this way, the 
study will contribute to the evidence-based design (EBD) research base, which is currently not 
focused on stroke patients, and especially not on rehabilitation clinics.  
Rehabilitation clinics are taken as the main investigation ground for the study since they are 
usually the first built environment that patients will encounter after a stay at the hospital/stroke 
unit. They undergo a challenging recovery process and they learn how to live with their newly 
acquired impairments in that very environment of rehabilitation clinics. The goal is to find out if 
a building itself can be rehabilitative in its design and participate in a rehabilitation process by 
allowing all patients to exercise their independent mobility according to their physical and 
cognitive abilities without creating a disabling environment for one or more of the patient 
groups.  For this reason, the spatial needs of patients in different rehabilitation stages and with 
different mobility levels will be identified and further examined. 
The final aim is to produce a catalogue of evidence-based architectural guidelines for future 
rehabilitation clinics that are supportive of independent patient mobility. The guidelines will be 
based on the results of this research study and they will offer design recommendations for 
designing rehabilitation buildings of higher rehabilitative quality. They could also, in some 
cases, be used to improve the existing rehabilitation buildings. These guidelines are intended 
for architects and designers, as well as the medical professionals that are involved in planning 
and decision making in the process of building a rehabilitation clinic.   
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3.3 Conceptual framework 
Rehabilitation clinics are a special type of healthcare setting, different from hospitals and other 
healthcare facilities. Three main differences make them special from the perspective of 
patients. The first reason is that patients live there for a longer period, having their living space 
(patient’s room) and attending daily therapies. The other reason is the positive association with 
rehabilitation clinics, as a place to exercise and recover to be able to return home. Although 
patients live there for a certain period, there is no negative association similar to nursing 
homes, since rehabilitation clinics are only a transitional place before going back to normal life. 
Another important difference is that patients in rehabilitation usually don’t need to be separated 
from other patients because of infections (which is often the case in hospitals). A small number 
of patients that are transferred directly from hospitals need to be isolated for a certain period, 
but the majority of patients are infection-free. These differences distinguish rehabilitation clinics 
as spaces that become patients’ new home for a limited time, without the need for a strictly 
clinical atmosphere. 
In this spatial context, what constitutes a healing and rehabilitative environment for patients 
might be different from other healthcare facilities. After a stroke, which often leaves serious 
consequences, the normality of life is disturbed. Rehabilitation clinics are not only functional 
spaces for the rehabilitation practice to take place but also spaces where the daily life of 
patients occurs during their rehabilitation process. Even though the phase of returning home 
is immensely important for stroke survivors, the rehabilitation phase sets the basis for their 
future recovery and coping. The coping process starts already during the rehabilitation process 
and the patients’ wish to be more proactive is evident from studies on their experiences in 
rehabilitation. Simultaneously, the current built environment of rehabilitation clinics continues 
to promote long periods of patients’ inactivity, not providing the opportunity for patients to carry 
out their proactive role. The disabling and limiting environment potentially plays a significant 
role in the low levels of activity during the rehabilitation period. The active role of patients in 
rehabilitation, therefore, needs to be reciprocated by the active role of the built environment in 
their rehabilitation process. 
One of the ways that built environment could enable the proactive role of patients in 
rehabilitation is by supporting patients’ activity and independence. Being independent is 
regarded as the main goal of rehabilitation by both patients and medical professionals and it 
is also crucial for maintaining a sense of control. To create a supportive built environment for 
patients’ independence, there has to be a response from both sides: users (stroke patients) 
and the built environment (rehabilitation clinics).  
To study the relationship between the built environment of rehabilitation clinics and the stroke 
patients, two main theoretical positions shape the foundation of the research approach, 
together with the interpretations of supporting theoretical literature. The first theoretical position 
is the J. J. Gibson’s affordance theory and the second one is the disability theory (Finkelstein, 
1980; Oliver, 1990) in the context of a socio-spatial model of disability, mostly explored by 
Imrie and Gleeson. These two positions informed and shaped the research motivation, 
research questions and the research study design.  
The social disability model (see 2.1.2 Relationship with the built environment) introduced a 
perspective of looking at the users of rehabilitation clinics, not as disabled people, but as 
people with impairments that become disabilities in the disabling built environment. At the 
same time, the main ideas of social disability model theorists were utilized to distinguish the 
needs of different user groups as well as the individual needs of members of these groups. As 
a result, the focus on patients‘ mobility ability emerged as the main observed characteristic of 
the built environment’s users. This mobility ability characterizes each person and determines 
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their relationship with the built environment and their level of independence in that built 
environment. Stroke survivors, usually suffering from different post-stroke impairments, can 
have different levels of mobility ability, depending on the severity of their stroke and the stage 
in their recovery process. This characteristic is, hence, crucial for evaluating their relationship 
with the built environment. 
The main characteristics of the built environment that were analysed in this study emerged 
from the affordance theory (see 2.1.2.3 Affordances of the built environment). In the context of 
rehabilitation clinics, the search for positive and negative affordances focused on only one 
observed patients’ activity, therefore diverging from the original affordance theory. In this way, 
the main affordance that the study concentrates on is “affording independent mobility”. The 
built environment was evaluated using the idea of barriers and facilitators to patients’ mobility 
as positive and negative affordances. 
Patients go through different stages of rehabilitation and their experience of space changes in 
this process. Throughout their rehabilitation process, stroke patients’ autonomy changes from 
being dependent on the staff and mobility aids, to learning how to function independently 
without help. Although this transition is the main characteristic of the rehabilitation process, it 
is not reflected at all in the spatial organisation and design of the rehabilitation clinics. This 
results in a built environment that is often disabling and that doesn’t offer opportunities for 
patients to be independently mobile. They are required to go to therapies alone, but the built 
environment doesn’t provide for this action, so the patients become dependent on the transfer 
service since everything is too far away and they encounter obstacles. Not only that they are 
dependent on the transfer service and feel the loss of control, but they are also denied the 
opportunity to train their mobility, autonomy and wayfinding while going to therapies. To 
become independent, they need a built environment that offers them the opportunity for that. 
At the same time, there has to be active participation from the users’ perspective. Mobility 
ability resides in the user of the built environment and the affordances to mobility reside in the 
built environment. Since not all patients have the same abilities and since they experience the 
built environment differently, the environment should respond to users’ different needs. Hence, 
there needs to be a response from both patients and the built environment of rehabilitation 
clinics for a supportive environment and successful rehabilitation. 
This research study is investigating the relationship between the built environment 
(rehabilitation clinics) and its users (stroke patients). The proposed theoretical model (Figure 
14) highlights the importance of space in the rehabilitation process, as an active participant in 
rehabilitation. It also puts forward the evaluation of this relationship in the context of 
rehabilitation with a particular evaluating parameter. Independence, and more specifically 
independent mobility, was used to assess the mutual fit between the built environment and the 
users in this research study. The independent mobility was chosen as a central activity for its 
significance both in the rehabilitation process of patients as well as for its significance for their 
psychological health and well-being.  
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Figure 14: Theoretical model of the research study 
The interest of this study lies in discovering the possibility of the building itself to enable and 
support the independent mobility of patients. In this way, the building acts as an active 
participant in rehabilitation: not posing significant barriers to mobility and motivating the 
patients to leave their rooms and move on their own. This positive environment for 
rehabilitation could be reflected in many factors, but supporting independent mobility is one of 
the most important ones. Mobility is the main goal of rehabilitation according to both staff and 
patients, and patients are encouraged to be independently mobile in the clinics. The built 
environment of these clinics needs to afford mobility for different kind of patients, to provide 
the opportunity for all patients to exercise their mobility and to aid their rehabilitation process. 
There is currently no sufficient understanding of the spatial needs of stroke patients, especially 
during the transition towards autonomy in rehabilitation clinics. The spatial qualities of the 
rehabilitation clinics are rarely investigated and there is a lack of studies investigating the 
influence of various architectural features on the well-being of stroke patients. The main 
motivation of this research, therefore, is to discover how the building of a rehabilitation clinic 
could support the patients on their trajectory towards autonomy, taking the independent 
mobility as the main parameter for analysing their spatial needs. Understanding the 
relationship between mobility and different architectural features is another significant 
motivator for this research study since no studies are investigating this relationship in great 
detail. 
The affordances of the built environment are different for individuals in different user groups, 
and they may also vary for individuals within each user group. Since stroke patients have such 
complex impairments caused by the disease, their experience of affordances in the built 
environment might be very different and individual. For this reason, independent mobility is 
taken as a parameter to determine whether the built environment of rehabilitation clinics affords 
rehabilitation. This parameter is used to investigate the affordances of the built environment, 
the limitations of the stroke patients’ bodies and their mutual fit in their interactions. Buildings 
of rehabilitation clinics are examined to understand if they offer disabling spaces for stroke 
patients in recovery or if they facilitate independent mobility and rehabilitation. 
Since rehabilitation buildings are spaces where rehabilitation takes place, the question: “Does 
the built environment of rehabilitation clinics afford mobility?“ is the fundamental question to 
answer. In this way, the concept of affordances employed in this research study deviates 
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significantly from the theories of Gibson (1979) and Norman (1988). In their theories, the 
artefact in question the focal point of the possible real (Gibson) or perceived (Norman) 
possibilities for action. The artefacts are, therefore, analysed for their affordance properties. 
The affordance theory in this form informed the starting points of this research study, but the 
concept itself was further adapted. Therefore, this study is informed by the original affordance 
theory, but it does not investigate affordances in the way that the main theorists such as Gibson 
and Norman defined them. The main divergence from the original theory is the focus on one 
property of all artefacts in the built environment: affording patients’ mobility. Therefore, an 
action (mobility) is set in the focus of the investigation, creating a lens for observation of the 
built environment. The artefacts in the built environment are not observed for all the possibilities 
for action that they offer to stroke patients, but for their positive and negative properties in 
terms of patients’ mobility.  
The research study, therefore, investigates the concept of barriers that imply non-participation 
and exclusion, as well as the concept of accessibility that enables participation. The input from 
the social disability model is used to shift the focus from a body with impairments as a reason 
for challenges in the built environment to the disabling practices in the built environment itself. 
The ideas of the affordance theory are utilized to look at the mobility as a phenomenon crucial 
for stroke patients and to analyse the architectural features that offer positive (enabling) and 
negative (hindering) affordances to mobility within rehabilitation clinics. Using the social 
disability model and the affordance theory as a basis for formulating the research questions, 
this research study evaluates the fit between the users (stroke patients) and the built 
environment (rehabilitation clinics). 
3.4 Research question 
Identified research gap in the existing literature, together with the theoretical background on 
the relationship between the built environment and people experiencing various impairments, 
and the developed theoretical model formed the main research question that motivates the 
whole research study: “Do buildings of rehabilitation clinics afford independent mobility of 
stroke patients?“ Mobility was taken as the central activity in the study since it is an extension 
of standard daily rehabilitation therapies and since achieving mobility independence is the 
main goal of rehabilitation in stroke patients. The affordances of the built environment can be 
positive and negative, depending on what kind of activities they afford. In the context of 
rehabilitation clinics, the search for positive and negative affordances was modified into the 
search for architectural features that afford or hinder mobility, more specifically architectural 
barriers and facilitators to mobility. For this reason, the main research question was 
transformed into a new research question: 
“How does the built environment of rehabilitation clinics hinder  
or support the independent mobility of stroke patients?” 
Consequently, this new main research question was followed by developing four sub-questions 
that formed the foundation for the research study: 
1. What are the barriers to mobility in the built environment of rehabilitation clinics? 
2. What are the mobility facilitators in the built environment of rehabilitation clinics? 
3. What are the architectural properties of the identified mobility barriers and facilitators in the 
built environment of rehabilitation clinics? 
4. How are mobility barriers and facilitators experienced by patients with different mobility 
levels (different rehabilitation stages)? 
RESEARCH STUDY DESIGN | 65 
 
These four research questions ask for an investigation of the built environment of rehabilitation 
clinics with a specific lens on the patient’s mobility and the way this built environment is 
experienced by patients with different health conditions. Identifying the most common barriers 
and facilitators to mobility for all kinds of patients is the first step towards learning how to design 
more rehabilitative buildings for the rehabilitation of stroke patients. The factor of difference 
between patients is crucial since different impairments and the use of various mobility aids 
create a different spatial experience for each patient. Even a single patient’s spatial experience 
in the clinic will change significantly over the course of the rehabilitation process and as the 
recovery is progressing. These research questions, therefore, ask for an investigation of the 
built environment from the perspective of a stroke patient, a (dis)abled person in a (dis)abling 
built environment and for an examination of their mutual fit in the rehabilitation context. 
3.5 Research methods  
Two main research strategies were employed to answer the research questions driving this 
research study. Post-occupancy evaluation consisting of three research methods was used to 
collect the real-life data on the building’s performance in terms of hindering and supporting 
patients’ independent mobility. The architectural analysis was then used to examine the 
properties of the buildings’ features that were found to hinder or facilitate mobility via the 
collected empirical data. 
3.5.1 Post-occupancy evaluation 
Post-occupancy evaluation (POE) is a way of evaluating different performance aspects of a 
certain designed space after it has been in use for some time (see Appendix 4: Post-occupancy 
evaluation). POE can consist of different methods such as observations, interviews, 
questionnaires, focus groups, technical data analysis, etc. When the method was developed, 
it was focusing mostly on the technical aspects of building performance. Since there was an 
increasing need for knowledge on the real use of buildings and user’s needs that would inform 
the design process, the non-technical factors of the building design, such as the fulfilment of 
occupants’ needs, started to be examined in the POE evaluations. The information gained 
through POE evaluation could be used for both improving the existing designed space and for 
creating a design research knowledge base for the next design project.  
Healthcare facilities are the type of settings where the POE evaluation is essential for 
understanding how to improve their design. Often the users’ needs are not well understood 
and therefore not satisfied because of the lack of knowledge. Neurological rehabilitation clinics 
are rarely investigated and the spatial needs of stroke patients are still not understood. For this 
reason, the post-occupancy evaluation was selected as a way to evaluate the existing clinics 
and their level of fulfilment of users’ needs and generate new knowledge on how their design 
could potentially be improved.  
The POE used in this research study included three research methods: patient shadowing, 
patient questionnaire and staff questionnaire. The three methods chosen for the post-
occupancy evaluation addressed the same research question from three different 
perspectives: the observer (researcher), the participant (patient) and the medical expert (staff 
member). These complementary methods allowed comparing the three perspectives and 
drawing stronger conclusions based on their results. 
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3.5.1.1 PATIENT SHADOWING  
Shadowing was chosen as the main research method because of its characteristics. It is not 
an architectural research method, but its general principles were applied to this research study. 
The main distinction of shadowing is that it is not a method usually used to validate a certain 
hypothesis, but it allows for the collection of data to be further examined and synthesized. 
Since there is a great lack of supporting research studies for formulating a clear research 
hypothesis to be tested, this method was identified as the most suitable to understand the daily 
life and experiences of patients in rehabilitation and their interactions with the built 
environment. The more common research method used in the healthcare setting is behavioural 
mapping. Person-centred behavioural mapping can have similarities with the shadowing 
method, but the focus on a single individual is usually much shorter (e.g. until they leave the 
room) and from a certain distance. In a large multi-level setting such as rehabilitation clinic, the 
use of behavioural mapping would not provide information on the individual patient paths, their 
destinations, the issues they encounter or their motivations.  
With the lack of empirical studies in stroke rehabilitation clinics, it was important to first identify 
the mobility barriers and facilitators that patients encounter. This was not possible with the use 
of behavioural mapping. Shadowing, therefore, offers an opportunity to answer the main 
research question: “how does the built environment of rehabilitation clinics support and hinder 
the mobility of stroke patients?“ by systematically observing the daily experiences of individual 
patients during rehabilitation. This daily insight into the patient interactions with the built 
environment created the opportunity to identify and evaluate the barriers and facilitators to 
patients’ mobility in the rehabilitation clinics. 
Shadowing is usually not a method used in architecture (see Appendix 5: Shadowing). It is a 
qualitative research method usually used in studying organisational structures and learning 
through the experience of observing different roles and their tasks within an organisation. The 
usual focus of shadowing is on an individual and their behaviour, interaction and functioning in 
a complex setting. The common way shadowing is used is by recording conversations and 
taking textual notes. Since the research question is related to the architectural design of 
rehabilitation clinics, taking only textual notes during observations was not enough to capture 
the patients’ spatial experiences. The healthcare setting where the research is placed was not 
a suitable place for video recording of patients’ behaviours because of many ethical issues, 
mostly the privacy protection of patients and staff members. For this reason, a new approach 
to shadowing was taken: shadowing using the building’s floor plans.  
The method that emerged from this adaptation is a hybrid between person-centred behavioural 
mapping and shadowing methods. A variation of this strategy was used only several times in 
post-occupancy evaluations of healthcare facilities, usually shadowing nurses. In this research 
study, stroke patients were the main object of shadowing in rehabilitation clinics, which made 
it more challenging to implement. The reason for this is that patients in healthcare facilities are 
a sensitive group since they suffer from different health conditions and are usually under stress, 
which leads them to occasional avoidance of participation in research studies. According to 
Mc Donald (2005), there are three main goals of shadowing: to learn themselves, to record 
behaviour to discover patterns in it and to investigate roles and perspectives in a detailed, 
qualitative way. In this study, shadowing was used as a method to record behaviour to discover 
patterns in the daily interactions of stroke patients with the built environment of rehabilitation 
clinics. Shadowing was performed on the previously prepared and then printed shadowing 
sheets: all floor plans of the building with an extra sheet for the activity time log. Patients were 
followed in all public spaces of the clinics (mainly corridors and common rooms). They were 
not followed inside the therapy rooms or their patient rooms for their privacy protection. Four 
complimentary types of notes were taken during the patient shadowing (Table 6). 
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Table 6: The types of notes taken while shadowing patients 
1. Paths on the floor plan 
Each path of the patient from place A to place B was drawn on the floor plans, using symbols and 
numbers to coordinate the corresponding activity time log on a separate sheet. These paths were 
later used to calculate the length of paths that patients travelled (walked) in the clinics every day. 
 
Example of a recording of one patient's path from location A to B on a shadowing sheet 
2. Time log of all activities 
Every patient’s activity was written down on a separate sheet together with the start and end time of 
activity. Patient’s position number, the time and duration of the activity and the type of the activity 
were recorded on the time log sheets (see Appendix 10: Shadowing sheets). This was necessary to 
understand the reasons and motivations for each path that the patient took during shadowing. 
3. Observations of interactions with space, sometimes accompanied by sketches 
When the observed patient encountered an issue with the built environment or unusually interacted 
with the environment, this was recorded in the form of a short textual note, sometimes followed by a 
sketch to additionally explain it. 
 
Example of a sketch taken during shadowing 
4. Patient comments addressing the built environment 
Patients were not asked questions during observations. This was partially due to the language barrier 
at the beginning of the study and partially due to avoiding researcher-initiated bias. All patients were 
asked questions about their experience of the built environment in the questionnaires. This was found 
to be the most objective way to assess their opinions and experiences. During the observation day, 
some patients expressed their thoughts or personal experiences about the design of the clinic where 
they were staying. In rare cases, the short conversation about building design happened between the 
observed patient and another patient passing by. All these comments were recorded in the form of 
short textual notes to accompany and better explain the main data that was collected. 
“Patient comments that every floor looks the same when you go out of the elevator, you don't know 
where you are.“ 
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After the data collection on the floor plans and time log sheets, all paper data had to be 
digitalized for further analysis. This was done by using Autodesk AutoCAD software to digitally 
re-draw all the patient paths on the prepared digital floor plans. These four steps of note-taking 
produced a large amount of data with some examples being the locations of patients’ paths, 
lengths of paths, their destinations, lengths of time they spent at each location, their comments, 
interactions with space, etc. This data was later investigated and synthesized to provide 
information about the built environment of rehabilitation clinics. 
3.5.1.2 PATIENT QUESTIONNAIRE 
Because of the stroke patients’ common speech impairments (aphasia) and the 
communication difficulties, a patient questionnaire was chosen as a method to access their 
opinions and experiences of the built environment. When the patient was not able to fill in a 
questionnaire because of the weakness of the writing hand, a staff member would read the 
questions verbally and note down the answers to the questionnaire. Unfortunately, this was 
not always possible due to the busy schedules of medical staff in the clinics. 
The patient questionnaire addressed the perspective of the participant on the role of the clinics’ 
physical environment in the patients’ independent mobility (Appendix 7: Patients’ 
questionnaire). It was focused on the personal daily experience of the rehabilitation 
participants in seven rehabilitation clinics and divided into three sections: spatial preferences, 
wayfinding and architecture of the clinic. The questionnaires were in German language and 
they consisted of yes/no and open-ended questions.  
3.5.1.3 STAFF QUESTIONNAIRE 
Staff questionnaire was examined the professional opinion and expert perspective of the 
medical staff in the participating clinics. The questionnaire was short (only four questions) and 
focused only on the significance of the independent mobility of patients and the barriers that 
patients encounter in the rehabilitation clinics (Appendix 6: Staff questionnaire). Staff members 
treat and observe a large number of patients and have the experience of the most common 
mobility issues that patients encounter every day. For this reason, the staff questionnaires 
added the third perspective to the research methods chosen for the study. The questions were 
directed not towards a specific patient, but towards their daily experience in the clinic and the 
barriers in the built environment that a large number of patients had issues with.  
The answers from both patients’ and staff questionnaires were first translated from German to 
English and then coded and analysed using NVivo 11 Pro. 
3.5.2 Architectural analysis 
The three post-occupancy evaluation methods identified certain architectural features that 
acted as barriers and facilitators to patients’ mobility. They were, where possible, further 
examined for their properties and their effect on patients’ mobility. The data obtained via the 
shadowing method were qualitatively and qualitatively explored with the use of clinics’ floor 
plans, sections, geometry, photographs and other various measurements. This analysis was 
supplemented with the depiction of individual cases and situations on the buildings’ floor plans 
and section, to better illustrate the way stroke patients interact with the space around them.  
Therefore, floor plans, sections and other types of visual presentations of the built environment 
in the selected rehabilitation clinics were used in the data analysis, together with the empirical 
data collected during the actual daily life of stroke patients in the clinics. In this way, the 
relationships of the specific spatial properties of the rehabilitation clinics with the mobility of 
stroke patients were tested for the first time.  
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3.6 Research settings 
3.6.1 Selection of rehabilitation clinics 
The study was conducted in seven neurological rehabilitation clinics in Germany: BDH Klinik 
Hessisch-Oldendorf, Gesundheitszentrum Glantal, Aatalklinik Bad Wünnenberg, BDH Klinik 
Elzach, Schwarzwaldklinik Neurologie Bad Krozingen, HELIOS Klinik Hagen-Ambrock and 
Fachklinikum Brandis. A total number of 56 clinics in Germany were selected and contacted 
via a formal letter with a request to visit their facility. Despite the persistent attempts to contact 
all these rehabilitation clinics and to get an opportunity to visit them, most of the clinics declined 
the request or did not respond at all. Eleven rehabilitation clinics positively responded to the 
request for a visit and they were all visited in this preliminary phase. In each of the visited 
clinics, the tour of the facility was given by a staff member and an informal interview was 
conducted with the medical director of the clinic. This initial visit gave an important insight into 
the way each clinic was designed and organised. In the conversations with medical directors, 
more knowledge was gained on the operating patterns of neurological clinics, the organisation 
of the care system, the way patients are accommodated in the clinics and the organisation of 
their rehabilitation.  
Seven of the visited clinics accepted to participate in the research study. After the clinics 
agreed to participate, the obtained floor plans and the documents were prepared for the start 
of the field study (questionnaires, consent forms, etc.) 
3.6.1.1 CHARACTERISTICS OF THE PARTICIPATING CLINICS 
Table 7 shows the total number of patients and the dimensions of all seven participating clinics.  
     Table 7: Dimensions of the participating clinics 
Clinic 
Bed
s 
Floors 
Total 
surface (m2) 
Typical floor 
surface (m2) 
Corridor 
surface per 
patient (m2) 
HO 240 4 
19702,7 
(22581,8)* 
3829,19 12,48 
GL 207 4 15292,7 3405,02 11,46 
AA 210 4 18024,7 3539,12 12,85 
SW 188 6 13056,4 1660,60 9,21 
EL 225 4 17505,2 5512,43 9,41 
HA 250 7 
22730,75 
(25798,5)* 
4024,55 
(4544,62)* 
16,73 
BR 218 7 20694,3 2016,20 8,30 
* including the separate Stroke Unit 
* HO - BDH-Klinik Hessisch Oldendorf, GL - Gesundheitszentrum Glantal, AA - Aatalklinik Bad 
Wünnenberg, SW - Schwarzwaldklinik Neurologie, EL - BDH-Klinik Elzach, HA - HELIOS  Klinik 
Hagen-Ambrock, BR – Fachklinikum Brandis 
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The Schwarzwaldklinik is the smallest rehabilitation clinic, with 188 patients and a surface of 
around 13000 m2 and HELIOS Klinik Hagen-Ambrock is the largest, with 250 patients and 
22730 m2. All participating clinics except Schwarzwaldklinik have more than 200 patients and 
a surface of more than 15000 m2. All rehabilitation clinics are also multiple floor buildings, 
having a minimum of 4 floors and a maximum of 7 floors. 
Since the mobility of patients is the central focus of this research study, and the patients use 
corridors within the clinic to reach different spaces, the corridor surface per patient was 
calculated for each clinic. This parameter shows the largest difference between the 
Fachklinikum Brandis and the HELIOS Klinik Hagen-Ambrock. This difference might be due to 
the difference in layouts between these two clinics, where Fachklinikum Brandis has only two 
wings on each floor and the HELIOS Klinik Hagen-Ambrock has a more complex spatial 
configuration with more corridors necessary to connect all the spaces. The average corridor 
surfaces per patient in other clinics vary from around 9 m2 to almost 13 m2 (Table 7).  
3.6.1.2 TYPOLOGY, ORGANISATION AND ACCESSIBILITY ISSUES 
The seven participating rehabilitation clinics have different organisation concepts and layout 
designs. They also differ in the way the relationship between patient rooms and therapy areas 
is organised. This is the crucial spatial relationship in rehabilitation clinics because patients 
need to travel between these two points several times per day. The locations of patient rooms 
and therapy rooms and their mutual connection have to be designed carefully. In the majority 
of the participating clinic, therapies are concentrated in one single place, but they can be found 
in different building parts.  
The participating clinics also have different potential accessibility issues concerning stroke 
patients. Most patients require the use of mobility aids and have difficulties with moving around 
the clinic. During the first visit of each selected clinic, the daily life in the clinic was observed, 
together with the way patients use space. Textual notes were taken during these observations, 
pointing out some potential design problems. Since physical accessibility is crucial in the 
investigation of patients’ mobility, some design issues that could hinder the patients’ mobility 
were identified and described during these visits. These notes were used for understanding 
the potentially problematic areas in each of the participating clinics before the field study was 
conducted.  
Before proceeding to examine the collected data, it is important to critically present the selected 
rehabilitation facilities. The summary of the textual reflections on the design of each clinic and 
their potential accessibility issues will be given in this section. Each clinic will be also presented 
via axonometric floor plans with a legend showing the location of the particular functional zones 
in the building. Other important information that is given for each clinic are:  
1. Spatial configuration 
2. Organisation 
3. Patient wards – Therapy area relationship (P-T relationship) 
4. Additional important information 
The structured and systematic introduction of the participating clinics is aimed at a better 
understanding of the spatial organisation and the architectural characteristics of each building. 
This introduction to the participating clinics is crucial since they are large buildings with multiple 
floors and not all floor plans and parts of the buildings will be presented in the dissertation 
chapters with the data analysis and results. Therefore, this overview provides an 
understanding of the spatial context for this study, which is crucial for the later assessment of 
the collected empirical data in the participating clinic.  
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Schwarzwald Klinik Neurologie 
Spatial configuration: radial 
Organisation: central core and two wings with patient 
wards 
P-T relationship: hotel-like design with patient rooms 
and therapies separated on different building levels 
 
The building is designed as a hotel, with therapies and 
patient rooms separated on different floors. Patients are 
placed in both single and double rooms, one side of 
each wing has double and the other side single rooms. 
The layout of the building is a simple two-wing shape, 
and in the centre of the two wings are elevators and a 
café/dining space on each floor for patients and their 
visitors.  
All the therapy rooms are situated on the basement 
level, which is much larger than the patient floor and 
was built by adding new building parts. For this reason, 
the basement floor has no clear organisation and it 
could cause potential issues with wayfinding. This clinic 
is also connected to the orthopaedic clinic on the 
basement level. Another important issue is the lack of 
elevators. There are only two elevators in a clinic with 
188 patients that must travel to the basement level for 
therapies several times per day.  
 
 
 
 
 
 
 
  
  
Figure 15: Axonometric floor plans in the 
Schwarzwald Klinik Neurologie (1:500) 
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BDH-Klinik Hessisch Oldendorf 
Spatial configuration: dispersed  
Organisation: transformed and grew over 
time, no clear structure/organisation 
P-T relationship: patient rooms and therapies 
scattered around the building 
Additional: neurological clinic + Stroke Unit 
 
The clinic was developed from a youth hostel, 
with the addition of new parts over the years. 
The lack of initial planning resulted in an 
unclear organisation with several separate 
buildings connected on the basement level. 
These separate buildings are all designed in a 
different way and with their own vertical 
circulation (elevators and stairs). One building 
was added as a therapy centre for all patients, 
but there are also therapy rooms in other 
buildings and on the basement level. Patient 
rooms are scattered in all smaller buildings, 
from ground level to the second level.  
This kind of organisation creates many 
mobility issues for patients. Patients that are 
located in the remote buildings have to access 
the therapy building and the building with the 
main cafeteria from the basement level or the 
outside. The basement floor is complex with 
many corridors and the wayfinding is 
challenging. Accessing these buildings from 
the outside means that patients have to use 
the sloping path with several bumps in the 
road, which is particularly difficult for 
wheelchair users. The spatial segregation into 
separate buildings with many separate 
elevators and stairs and the lack of suitable 
connections between the buildings make this 
clinic very inaccessible for patients with lower 
mobility level. 
 
 
 
 
  
Figure 16: Axonometric floor plans in the BDH-
Klinik Hessisch Oldendorf (1:500) 
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Aatalklinik Bad Wünnenberg 
Spatial configuration: elongated radial 
Organisation: central core and four wings where 
the wards are located 
P-T relationship: therapy centre is on the first floor 
where the least mobile patients are accommodated 
Additional: patients organised in three stages 
 
The building has a central part with doctor and 
administration offices and four wings where the 
wards are located. Each with has its own vertical 
circulation, two wards have only stairs and two have 
both stairs and an elevator. Each patient ward also 
has a smaller physical therapy room. There is a 
therapy ward on the first floor, which is the main 
therapy area for all patients. The organisation is 
focused on short distances between treatment 
rooms and patient rooms, patients that are not able 
to go to the therapy on their own (Phase B patients) 
are on the same floor with the main therapy ward for 
the whole building. There are potential dimension 
issues in the therapy ward, the chairs that were 
added make the corridor too narrow for the number 
of patients that has to pass here more times per day. 
Since this is the main therapy centre for the whole 
clinic, all patients are coming here at similar times 
creating high patient traffic and barriers to mobility. 
The other parts of the clinic have no obvious 
accessibility issues. 
 
 
 
 
 
  
Figure 17: Axonometric floor plans in the 
Aatalklinik Bad Wünnenberg (1:500) 
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BDH-Klinik Elzach 
Spatial configuration: linear mixed 
Organisation: wards organised in linear 
succession 
P-T relationship: therapies and patient 
rooms scattered around the building 
Additional: separate ward for intensive 
care patients, a special closed ward for 
dementia patients 
 
This building is a result of additions over 
time, which resulted in an unclear 
spatial configuration. The circular ward 
is the ward for intensive care, and the 
other wards are located in the main 
building. Some therapy rooms are 
located close to the patient rooms and 
the main therapy area is on the first and 
second basement levels. Since the 
building was built in phases, there are 
slopes in the floor where the new 
building part was attached, which is 
problematic for patients in a wheelchair. 
The winding organisation of the building 
and the position of elevators make it 
challenging for wayfinding. The 
corridors are potentially too narrow for 
the expected number of patients, 
especially in the corridor leading to the 
main cafeteria. 
 
 
 
 
  
Figure 18: Axonometric floor plans in the BDH-Klinik 
Elzach (1:500) 
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HELIOS Klinik Hagen-Ambrock 
Spatial configuration: linear 
mixed 
Organisation: transformed from 
pulmonology clinic  
P-T relationship: therapies and 
patient rooms scattered around 
the building 
Additional: separate building 
for very mobile patients, a 
special separate ward for 
intensive care patients 
The clinic was transformed from 
a lung sanatorium for 
tuberculosis patients and 
therefore it is not completely 
suitable and accessible for 
patients with neurological 
diseases. The central part of the 
building is taken by the 
intensive care unit and the 
patient wards are unusually 
long. There is also a separate 
building with accommodation 
for more mobile patients. The 
main vertical core is located in 
the centre of the building, with 
elevators that open their doors 
on both sides, which causes 
confusion for patients.  
There are parts of the building 
that cannot be accessed unless 
the patient goes to another 
building level to take another 
elevator and then access the 
previous floor again from this 
elevator. The main potential 
issues in the clinic’s layout 
organisation are very linear and 
long patient wards, unclear 
organisation and long distances 
between patient and therapy 
rooms.   
Figure 19: Axonometric floor plans in the HELIOS Klinik 
Hagen-Ambrock (1:500) 
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Fachklinikum Brandis 
Spatial configuration: radial 
Organisation: central core and two wings where the 
wards are located 
P-T relationship: hotel-like design with patient rooms 
and therapies separated on different building levels 
 
This clinic is divided into three parts with different 
functions that radially distributed around the central 
core. Two wings are accommodating the patient 
rooms and the third parts is accommodating the offices 
of the staff and technical rooms. The building is 
organised on a principle of a hotel: the treatment 
rooms, the offices, the restaurant and the pool are on 
the ground floor, while only the patient rooms are on 
the upper floors. There are three main departments in 
the clinic: neurology, orthopaedics and 
psychosomatics. There are no treatment rooms on the 
ward. There are only single-patient rooms organised 
on two sides of a corridor. At the beginning of the 
corridors is the nurse station. Patients have to go to 
the first or basement level to receive therapy and they 
mostly use elevators. In this clinic only the 
rehabilitation of phase D takes place. These patients 
are generally independent and able to move on their 
own through the clinic. The corridors on the wards are 
too narrow for patients with mobility aids and the paths 
to therapies are very long since patients have to use 
the elevators in the central building area. 
 
 
 
 
 
 
 
 
  
Figure 20: Axonometric floor plans in the 
Fachklinikum Brandis (1:500) 
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Gesundheitszentrum Glantal 
Spatial configuration: compact 
Organisation: patient rooms and therapies 
organised around three courtyards 
P-T relationship: some therapy rooms on the 
patient floor, other therapy rooms in the basement 
Additional: health centre + neurological clinic 
 
This clinic is recently built (2013) and it 
demonstrates a clear design vision and concept for 
a rehabilitation clinic. Patient rooms are located on 
the upper floors, while therapies are both on the 
patient floors and the basement level. The main 
vertical core is clearly designed, the corridors are 
very wide and the doors separating the wards are 
automatic, which makes the mobility for patients in 
a wheelchair much easier.  
The only potential accessibility issue that was 
observed was the almost imperceptible signage 
system (thin black letters on the white walls). This 
kind of signage might be challenging to read for 
many stroke patients with vision impairments. 
 
 
 
 
SUMMARY 
The selected rehabilitation clinics differ in layout organisation and distribution of their functional 
zones. In two clinics (Fachklinikum Brandis and Schwarzwald Klinik), patient rooms and 
therapy area are completely detached. This type of design is referred to as the “hotel-like“ 
accommodation, meaning that patients usually sleep on the top floors and go to therapies and 
meals on the ground floor or basement levels. In other participating clinics, this relationship is 
not that strict and therapy rooms and patient rooms are more mixed. There are advantages 
and disadvantages to both concepts. The centralised therapies only on one floor provide easier 
wayfinding and organisation but might be difficult to access for patients that have a lower 
mobility level. In contrast, smaller therapy rooms on the wards could be easier to access for 
patients with low mobility levels but call for a larger number of rooms and staff members. 
Usually, the rehabilitation clinics will use both of these concepts combined. The large cafeteria 
for daily meals and the large common spaces are usually centrally located in these seven 
rehabilitation clinics.  
  
Figure 21: Axonometric floor plans in the 
Gesundheitszentrum Glantal (1:500) 
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3.7 Research participants 
3.7.1 Participant selection 
The number of patients from each clinic that participated in the research study was determined 
during the pilot study in the first clinic (BDH-Klinik Hessisch Oldendorf). The research study 
was not set for a specific duration, but the goal was to find out how many patients were needed 
to reach data saturation (no new information obtained from further data collection). The number 
of 10 patients per clinic was identified as a suitable number both for reaching the data 
saturation and for arranging the field study at the clinics. As the rehabilitation clinics are 
facilities with a busy schedule, the research stay of two weeks was optimal not to strain the 
medical staff and distract them from taking care of the patients. Their help was necessary for 
the patient selection process, as well as in informing the patients about the study and getting 
their consent. Staff members also helped with filling in the patient info sheets and with giving 
information about patients’ daily therapy plans.  
3.7.1.1 SELECTION PROCESS 
The potential participants were selected by the medical staff in each clinic, considering their 
health status and psychological state. Each clinic was given a list of inclusion and exclusion 
criteria for the participants. Another factor for consideration was the mobility level of patients. 
The patients with all mobility levels needed to be included in the study, in approximately similar 
numbers. The exact number of patients with the same mobility level and health condition in 
each clinic was impossible to obtain. The major reason is the unique nature of a stroke where 
no two strokes are alike and leave the same impairments. Another reason is the nature of the 
research design, where the selection had to be made from the patients available in the clinic 
during the two weeks of field study and from the patients that agreed to participate.  
3.7.1.2 INCLUSION CRITERIA 
The patients that were selected as the participants in the study had to fulfil certain criteria. The 
study included the patients of neurological rehabilitation clinics that: 
1. suffered a stroke; 
2. were over 60 years old on the day of the observation; 
3. were able to move independently in the clinic (with or without the use of wheelchair, walker 
or other equipment); 
4. gave their consent for the study. 
Each patient needed to fulfil all four specified criteria to participate in the study. These 
requirements were set to ensure that the participating patients have equal characteristics, 
being elderly stroke patients and independently mobile, with our without the use of mobility 
aids. It was also important that patients were able to give their consent for the study, therefore 
being aware that they were participating in a research study. They also needed to be aware of 
what was expected of them. 
3.7.1.3 EXCLUSION CRITERIA 
There were several exclusion criteria for selecting patients to participate in the research study. 
Patients younger than 60 or patients that suffered from: 
- dementia; 
- severe communication and cognitive impairments; 
- severe multi-morbidity (somatic, psychiatric or psycho/geriatric); 
- significant mobility impairment before stroke; and/or 
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- orthopaedic, neurological or other condition of consequence for the study. 
Patients that fulfilled any of the exclusion criteria were not considered for participation. The 
reason for excluding these patients from the study was that any of the mentioned conditions 
would add their additional issues and impairments that could interfere with the analysis and 
understanding of the spatial needs of stroke patients in rehabilitation clinics. Only severe cases 
were excluded, while the majority of patients that participated in the study had some minor co-
morbidities that are age-related, such as high blood pressure or diabetes. In this way, the 
sample did represent the great majority of the stroke patients in rehabilitation clinics, excluding 
only the extreme cases that could negatively affect the study results. 
3.7.1.4 PARTICIPANTS’ CHARACTERISTICS 
Table 8 shows the characteristics of the participating patients, focusing on their level of 
mobility, Barthel Index and rehabilitation phase on the day of observation.  
          Table 8: Characteristics of the participating clinics 
 
HO GL AA SW EL BR HA 
Number of patients 10 10 10 10 10 10 10 
Age             above 60 
Gender (n) 
       
female 3 5 5 5 6 3 6 
male 7 5 5 5 4 7 4 
Mobility level (n)  
     
 
 
l = 1(wheelchair) 2 1 2 3 5 0 3 
l = 2 (walker) 4 4 5 5 2 0 3 
l = 3 (ind. walking) 4 5 3 2 3 10 4 
Barthel Index (n)  
      
5 1 1 2 2 4 0 1 
10 6 2 0 4 1 0 3 
15 3 6 8 4 5 10 6 
Rehabilitation phase (n) 
       
B 2 0 0 0 1 0 0 
C 5 6 6 7 6 0 2 
D 3 4 4 3 3 10 8 
* HO: BDH-Klinik Hessisch Oldendorf, GL: Gesundheitszentrum Glantal, AA: Aatalklinik Bad 
Wünnenberg, SW: Schwarzwaldklinik Neurologie, EL: BDH-Klinik Elzach, BR: Fachklinikum Brandis, 
HA: HELIOS Klinik Hagen-Ambrock 
Due to the nature of this research study and the time limitations, as well as due to the nature 
of stroke as a disease that affects every person differently, it was not possible to obtain a 
uniform sample in each clinic. Therefore, there were differences in the numbers of patients 
with similar characteristics in each clinic. Since this inequality would most probably skew the 
results in each clinic, depending on the number of more or less mobile patients, the clinics 
were not compared to each other in this research study. The participating clinics were instead 
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analysed for finding specific patterns in the barriers and facilitators to patients’ mobility. In this 
way, the attempt was made to avoid the false interpretation of data and identify a particular 
clinic as the most suitably designed for stroke patients, based only on an unequal sample of 
10 patients in each clinic. 
Each patient in seven participating clinics was shadowed during one working day, from 07:00h 
to 19:00h (12 hours). In some clinics, the start would shift to an earlier time (e.g. 06:45 in 
Brandis clinic), depending on the breakfast time. The observation started before breakfast and 
finished after dinner. This resulted in over 840 hours of observations in total. The field study 
consisting of ten working days in each clinic started in September 2016 and ended in May 
2018. Arranging the data collection phase at each clinic took from several weeks to several 
months, usually due to the management structure and long time necessary to obtain 
permissions. 
Since the clinics were not compared to each other, and the research study was directed 
towards identifying barriers and facilitators to mobility and their common patterns, the 
inequality in the participant sample in each clinic was not as crucial for the study results. At the 
same time, this inequality might have potentially influenced the identification of physical 
barriers in certain rehabilitation clinics. 
3.7.1.5 MOBILITY CRITERIA 
Barthel Index (see 1.2.1.1 Disability measurement scales) was the commonly used scale to 
measure the abilities of stroke patients in performing the activities of daily living in all 
participating clinics. Barthel Index for mobility is a part of the BI scale that describes the 
patient’s mobility on level surfaces. The categories are: immobile (0 points), wheelchair 
independent (5 points), walks with the help of one person (10 points) and independent (15 
points). The Barthel Index score is used to sort patients into rehabilitation phases (see 1.3.2 
Neurological rehabilitation system). Patients with a BI lower than 25 belong in rehabilitation 
phase B and patients with a BI higher than 70 belong in the D phase.  
BI for mobility was not used as a measure of mobility level in this research study since the 
points did not indicate the patient’s current way of moving in the building. For instance, the 
patient was able to walk (15 points) but was still using a walker. It was determined during the 
initial observations that the use of a particular mobility aid (wheelchair, walker, etc.) was a 
more accurate criterion for evaluating the way patients interact with the built environment. The 
use of a particular mobility aid changed the way patients interacted with space, the dimensions 
that they needed for being mobile and the mobility issues they encountered. Since the 
rehabilitation phase and Barthel Index did not explain the way patients used and interacted 
with space, the presence/absence of the mobility aids was used as a mobility criterion in this 
study. The mobility levels were determined to be: 
Level 1: wheelchair user; 
Level 2: walker user; 
Level 3: independently walking.  
These three mobility levels were taken as the main characteristic of the participating patients. 
They were used to analyse the types of barriers and facilitators to mobility that patients 
encountered, as well as to determine the differences in their spatial experiences.  
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3.7.2 Ethical considerations 
Since the research study was placed in the environment of healthcare facilities and it included 
human participants, it was necessary to develop a strategy to protect the sensitive participants’ 
data. Another important thing for consideration was the patients’ consent. The patients had to 
be informed about all the details of the observations and to sign the consent form only if they 
agreed to participate in the research study. 
3.7.2.1 PARTICIPANTS’ CONSENT 
When the patients were selected by the medical staff of the clinic, they were approached during 
free time, usually in their rooms, by the researcher and a well-known to them member of the 
staff. The research study was briefly explained to them and they were asked if they were 
interested in participating. If answered affirmative, the information sheet (Appendix 8: 
Information sheet for patients) and the consent form (Appendix 9: Patients‘ consent form ) were 
left with the patient. The information sheet explained the role of the researcher and how the 
observation was going to look like. The potential participants could read more details about the 
study and sign the consent form if they agreed to participate. Afterwards, the day of the 
observation was arranged with the patient, depending on their activities and therapies. 
Each patient that participated in the research study gave their consent for the study. When the 
written consent was not available for the reason of arm paralysis, verbal consent was accepted. 
The patients were allowed to decline further participation in the study at any time of the 
observation day, but there were no such cases in any of the seven clinics.  
3.7.2.2 DATA PROTECTION 
Certain patient data had to be used for the research study, mostly concerning their health state 
and mobility level on the day of the observation. This information was needed to understand 
the physical state of the patient, as well as to identify some factors that could influence their 
relationship with the built environment. The information used for the study was: 
1. patient’s living situation before the stay in a rehabilitation clinic (their own (family) home, 
nursing home or another facility and the care level provided); 
2. whether this was patient’s first stay in a rehabilitation clinic or not; 
3. number of days of the patient’s stay in the clinic before the observation day; 
4. whether the patient had a special condition impacting mobility; 
5. the rehabilitation phase that the patient was in (B, C or D); 
6. patient’s Barthel Index for mobility; and 
7. patient’s mobility level. 
The participants in this research study were observed over the course of one day and without 
follow-up. After the day of observation, the patients were not contacted anymore. Therefore, it 
was not necessary to ensure the possibility of tracing the patient back on another occasion. 
The patient’s information necessary for the study was noted on an individual information sheet 
and the patient’s name, age or gender were not mentioned on any of the sheets. All the patients 
were assigned an ID number and the ID number was revealed to the patient. In this way, the 
patients could have an insight into their data in the future when needed. During the day of the 
observation, the patients were able to look at the collected data that was related to them. 
Each clinic that participated in the study assigned a code name to the patient beforehand and 
the researcher was given a code and the information needed about the patient without knowing 
the name of the patient and other personal information. The physician or a nurse in charge of 
the observed patient filled in the information sheet about the patient and gave it back to the 
researcher. The patients’ names and other personal information never left their clinics and 
82  
were therefore not mentioned in the research results. Each participant remained anonymous 
in the further analysis. 
3.7.2.3 ETHICAL APPROVAL 
The complete research study titled “Mobility of stroke patients in neurological rehabilitation 
clinics“ was approved by the Ethical Committee at the Technische Universität Dresden (no. EK 
452102016) and confirmed by the Ethical Committee at the Univesität Witten/Herdecke 
specifically for the study in HELIOS Klinik Hagen-Ambrock (Appendix 11: Ethical committee 
approval). Other six clinics signed an internal data protection agreement with the researcher 
or accepted the ethical approval from the Technische Universität Dresden. 
3.8 Hypotheses and data analysis 
3.8.1 Hypotheses 
Based on the review of the results of the existing research studies (see 2.2 Existing research 
on stroke patients in healthcare facilities), the conceptual framework (see 3.3 Conceptual 
framework) and the preliminary observation and analysis of the participating clinics (see 
3.6.1.2 Typology, organisation and Accessibility issues), the main assumption was made that 
the built environment of rehabilitation clinics both positively and negatively influenced the 
independent mobility of stroke patient. The main hypotheses arose in an attempt to answer the 
main research question: “How does the built environment of rehabilitation clinics hinder or 
support the independent mobility of stroke patients?”  
The data collection in the seven participating clinics was driven by the formulated hypotheses. 
These hypotheses were materialized around two different topics mentioned in the research 
question: barriers that are hindering independent mobility and facilitators that are supporting 
independent mobility. Each of the hypothesis groups has two main parts, the first one being 
the general hypotheses and the second one being the more explorative qualitative hypotheses. 
General hypotheses were formulated to test the general relationship between the stroke 
patients’ mobility and the barriers/facilitators in the built environment of rehabilitation clinics. 
The main parameters for assessing this relationship were the mobility level of stroke patients 
and the identified barriers/facilitators. Since shadowing is a method that allows for the 
collection of data to be further examined and synthesized, the exploratory hypotheses were 
formed to be examined qualitatively with the use of shadowing data. These explorative 
hypotheses were sometimes tested via quantitative analysis and in other cases they were 
qualitatively explored. 
Both the analysis of barriers and facilitators started with the questionnaire analysis to identify 
the variety of the existing barriers and facilitators reported by patients and staff members. This 
data was triangulated with the observation (shadowing) data. When the common main barriers 
and facilitators were identified for all research methods, further analysis was based only on the 
observation (shadowing) data. 
3.8.1.1 MOBILITY BARRIERS 
The general hypotheses concerning barriers were formed to test the relationship between 
patients’ mobility levels and the encountered barriers in the built environment. They aimed at 
demonstrating that there were significant differences in the experience of mobility barriers for 
patients with different mobility levels. It was hypothesised that patients with lower mobility 
levels would encounter more issues in the built environment of rehabilitation clinics.  
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Barriers:  General hypotheses 
Hypothesis 1: Mobility level is related to the number of encountered barriers in the built 
environment. 
Hypothesis 2: Mobility level is related to the number of barrier categories that patients 
encounter in the built environment. 
Hypothesis 3: The length of stay (number of days) is not related to the number of encountered 
barriers. 
The explorative hypotheses were formed both before and during the data collection and were 
used to further examine the architectural properties of the identified barriers and their influence 
on the mobility of stroke patients. Only several examples of this type of hypothesis are 
presented here, all the explored hypotheses can be found in various sections of Chapter 4. 
Barriers:  Examples of exploratory hypotheses 
Hypothesis 4: Longer distances between spaces negatively influence patients’ independent 
mobility. 
Hypothesis 5: Layout complexity is related to the number of wayfinding issues. 
Hypothesis 6: Equipment that is left in the corridors limits patients’ mobility. 
The two categories of hypotheses furthered the examination of the mobility barriers and 
created a more complete picture of the types of barriers patients encounter in the built 
environment. The results of testing both general hypotheses and the exploratory hypotheses 
are presented in Chapter 4. 
3.8.1.2 MOBILITY FACILITATORS 
At the same time with examining the main barriers to mobility, it was assumed that the built 
environment of rehabilitation clinics could potentially influence the activity levels of stroke 
patients. The spaces, places and architectural elements supporting and motivating patients’ 
mobility were explored in Chapter 5. 
Facilitators:  General hypotheses 
Hypothesis 1: Mobility level is related to the non-scheduled mobility frequency. 
Hypothesis 2: Patients non-scheduled paths are shorter than their scheduled paths. 
Hypothesis 3: Patients are more active in the rehabilitation clinic where there are more smaller 
common rooms offered rather than fewer large rooms. 
Several examples of the exploratory hypotheses addressing the mobility facilitators are given, 
to introduce some of the explored topics. These hypotheses were discussed using patient 
questionnaires, shadowing data and the researcher’s observations of space. 
Facilitators:  Examples of exploratory hypotheses 
Hypothesis 1: Patients have different individual preferences for common spaces. 
Hypothesis 2: Patients rather visit common rooms than open sitting spaces in the corridors. 
Hypothesis 3: Particular architectural elements can support patients’ mobility. 
After the data collection phase, it was determined that the facilitators to mobility could mostly 
be qualitatively analysed because of the small sample size and the low level of activity among 
patients in each clinic, as well as because of the low number of mobility facilitators in the 
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observed interactions with space. Nevertheless, the examination of the exploratory hypotheses 
revealed some general properties of the architectural mobility facilitators. The results of the 
study on mobility facilitators are presented in Chapter 5. 
3.8.2 Data analysis 
3.8.2.1 QUESTIONNAIRE ANALYSIS 
NVivo Pro 11 was used to analyse the open-ended responses of patients and staff members 
in their questionnaires. Their replies were first translated from German to English and then 
coded for the themes they mentioned to find the prevalence of various physical 
barriers/facilitators in their answers. A single answer could be coded with several different 
codes, depending on what themes the respondent was addressing (Table 9).  
Table 9: Coding example for patients' answers on a question about barriers 
Respondent’s comment Code 
“Wayfinding is difficult. Everything seems chaotic to me.” wayfinding 
“Very long paths, hard to read.“ 
distance, 
wayfinding 
“Long distances between therapies have to be covered.” distance 
“It is a bit too tight to pass with walkers or wheelchairs.” dimensions 
“Not good for disabled. Too few elevators.” other 
The coded answers were then analysed for determining the general prevalence of codes or 
for the comparison of their prevalence between the three patients’ mobility levels. In the results 
of the mobility facilitators study in Chapter 5, the coded open-ended answers were not used 
for showing the prevalence of themes but highlighting the variety of patients’ preferences and 
opinions. 
3.8.2.2 STATISTICAL TESTS 
There were four different statistical tests used in the data analysis, depending on the analysed 
relationships and the properties of the analysed data: 
1. Fisher’s exact test with Spearman’s Rho (rs) for the strength of association 
This test was used for testing the two main and one additional hypothesis, at the start of the 
data analysis process. Fisher’s exact test (confidence interval 95%) was used as an alternative 
to Chi-square test since the data did not meet all the assumptions of the Chi-square (expected 
cell count was lower than 5 in more than 20% of cells). Fisher’s exact test is also a more 
powerful test on small samples. It determines the significance of a relationship between two 
variables, but not the strength of this relationship. To measure the strength of association 
between two variables, Spearman’s Rho (rs) was computed. Spearman’s Rho was selected as 
the correlation coefficient since it is a nonparametric measure and since one variable was 
ordinal. The values of Spearman’s Rho are between -1 and 1, where the absolute value of 1 
signifies strong association between variables and the value 0 signifies no association.  
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2. Mann-Whitney U test 
This statistical test was used to determine differences in two sample means testing the 
difference between two independent groups with the ordinal or continuous dependent variable. 
Mann-Whitney U test was used instead of a t-test since the samples did not meet the 
assumption of sample size equality and the data was not normally distributed. The Wilcoxon 
signed-rank-test could not be used since the compared samples were independent. This test 
was used for testing the difference in the effect of certain barriers between two patients’ 
mobility levels or, for example, for the comparison of distances with or without encountered 
barriers. The confidence interval was set at 95%. 
3. Kruskal-Wallis test 
This statistical test was used to compare the medians among more than two independent 
groups. This test is an alternative to One way ANOVA when the data violates the assumptions 
of normal distribution and when the sample size is too small. Kruskal-Wallis test was also used 
because the sample sizes of the compared groups were not equal. This test was used for 
testing the difference in the effect of certain barriers between the three patients’ mobility levels 
or the difference in numbers of identified barriers between the rehabilitation clinics. The 
confidence interval was set at 95%. 
4. General Linear Model (GLM) 
This test was used in only one instance, for determining the effect of distance on encountering 
barriers and/or needing help. GLM is a generalization of multiple linear regression when there 
is more than one dependent variable. This test was used to assess the effect of distance on 
encountering barriers and/or needing help only for patients that did experience one of these 
situations, by comparing the distances when they did not encounter barriers and/or need help 
with the distances when they did encounter barriers and/or need help. Therefore, the whole 
patient sample was not taken into analysis. The confidence interval for this test was set at 
95%. 
3.9 Summary 
The evidence-based design knowledge on the relationship between the built environments of 
rehabilitation clinics and the well-being of stroke patient is needed. This research study is 
investigating the mutual fit between the built environment and its users in the context of 
rehabilitation clinics with independent mobility as the evaluating parameter.  The main aim is 
to produce the first evidence on how the built environment of rehabilitation clinics influences 
the independent mobility of stroke patients. Therefore, the main research question that 
examines this relationship and drives this research study is: “How does the built environment 
of rehabilitation clinics hinder or support the independent mobility of stroke patients?”  
Two main research methods were used to answer the research question: post-occupancy 
evaluation consisting of patient shadowing, patient and staff questionnaires and architectural 
analysis. The POE data was used to collect the data on the patients’ daily interactions with the 
built environment and the architectural analysis was used to examine the properties of the 
buildings’ features that were found to hinder or facilitate mobility. The study was conducted in 
seven neurological rehabilitation clinics in Germany, with ten patients observed in each clinic, 
each patient for one whole day (12 hours). The participating patients were selected by the 
medical staff in each clinic based on the given inclusion and exclusion criteria.  
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The collected data were analysed to test the previously formulated hypotheses. These 
hypotheses addressed two complementary topics stated in the research question: barriers that 
are hindering independent mobility and facilitators that are supporting independent mobility. 
Each of the hypothesis groups was divided into two parts: the general hypotheses and the 
explorative qualitative hypotheses. Both quantitative analysis (statistical tests) and qualitative 
analysis (questionnaire coding, floor plan analysis, section analysis, etc.) were employed to 
test the formulated hypotheses. 
In the next chapter, the investigation of architectural barriers to mobility is presented together 
with the synthesis of the main findings for each of the identified barrier categories. 
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4 RESULTS: ARCHITECTURAL BARRIERS TO 
MOBILITY 
In this chapter, main mobility barriers in rehabilitation clinics were identified and further 
examined, taking into account the different experiences of patients in different rehabilitation 
stages. Only the barriers that hinder the mobility of stroke patients were presented in this 
chapter. The reason for this is that patients in rehabilitation clinics are generally in a difficult 
health state and not able to overcome the barriers and exercise their mobility by using barriers. 
In the earlier stages of rehabilitation, they require an accessible built environment that supports 
their independence and mobility during daily life in the clinic. The barriers that could potentially 
have a positive role in the mobility exercise of patients in later rehabilitation stages were 
discussed in Chapter 5. 
4.1 General characteristics of physical barriers 
The inaccessible and unsupportive physical environment can be a significant barrier for people 
with impairments, preventing or limiting their mobility. If their mobility is limited by certain 
structural barriers in the environment, that can affect their quality of life and well-being. In the 
environment of a rehabilitation clinic, where the main users are patients suffering from various 
post-stroke impairments already affecting their mobility, their sensitivity to the physical barriers 
in the environment is higher. Any design feature of rehabilitation clinics that prevents or limits 
the patients to move around could, therefore, be seen as a barrier to mobility. Since mobility 
and being active is crucial for patients during rehabilitation, identifying and removing these 
barriers could be significant for improving their mobility and activity levels, and as a result their 
recovery process and general well-being. 
Since no research study was found that investigated the physical barriers in rehabilitation 
clinics in detail, the search for barriers started with two questionnaires: patients’ questionnaire 
and staff questionnaire. These two questionnaires were used to identify the main physical 
barriers to mobility in rehabilitation clinics. The investigation was furthered with an empirical 
study, by shadowing stroke patients in all seven participating rehabilitation clinics. After the 
identified physical barriers to mobility were compared, the relationship between the barriers 
and the patients’ mobility level as well as their spatial characteristics were further examined. 
4.1.1 Analysis of staff questionnaires 
Staff and patient questionnaires accessed two different perspectives on the role of the clinics’ 
physical environment in the independent mobility: expert perspective and participant 
perspective. For this reason, they were treated as two separate methods in this study. Staff 
questionnaire was focused on the professional opinion of the medical staff in the participating 
clinics. Staff members treat and observe a large number of patients and have the experience 
of the most common mobility issues that patients encounter every day. Patient questionnaires 
were focused on the personal daily experience of the rehabilitation participants.  
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Staff members (55 nurses and 4 physicians) answered a question: “Did you notice any 
difficulties that patients have when moving independently in the clinic? (e.g. wayfinding, 
obstacles...)” (translated from German) 
One staff member in charge of the observed patient was expected to fill in the questionnaire. 
Because of the nature of work in the clinic and limited time to participate in research studies, 
not all staff members were able to fill in the questionnaire. In total, 59 out of 70 questionnaires 
were available. The responses were coded based on the issues that they were addressing. 
     Table 10: Prevalence of physical barriers in staff responses (originally in the German language) 
Category 
Prevalence 
% (n) 
Comments made by staff members 
Wayfinding 39,1 (18) 
 “There are always difficulties with good wayfinding of 
patients in our house. Reasons: brain disease, bad 
signage system.” 
 “Some patients have difficulties distinguishing the 
various wards and floors since they are very similar.”  
“Patients often have difficulties to find their way around 
the winding clinic and find all the rooms in the back 
corners.” 
“The house is large, there are many long hallways and 
levels. Also, several wards that look similar. ” 
Visual 
communication 
13 (6) 
 “Yes. The patients do not find a way to the therapies. 
Better labelling (colour,...) would be useful.” 
 “Incorrect labelling for stations and treatment rooms.” 
“There is no signage or any identification of floors in the 
elevator. (Colour coding of the paths?)” 
Other barriers 13 (6) 
“Elevator takes a long time.” 
“Electric doors often malfunctioning.” 
“Lack of handrails.“ 
Dimensions 8,7 (4) 
“It is always tight on the therapy corridor (many 
people/chairs).” 
“Yes, since the rooms and corridors are too small and 
too narrow and patients with the wheelchair are left 
unattended.” 
Not clear 8,7 (4) 
“Yes, they have difficulties. That is why we have the 
patient transport in the building, which transports the 
patients to the therapies, exercises.” 
No barriers 6,5 (3) 
“No, everything is well described. Elevators are available, 
handrails are there and wide corridors.” 
Floor 4,3 (2) “Ramps on the wards.” 
Distance 4,3 (2) 
“The problem is also long ways. The clinic is very 
labyrinthine.” 
Physical 
obstacles  
2,2 (1) 
“Yes, rooms are too tight, the risk of falling because of 
obstacles.” 
Wayfinding issues together with visual communication issues were the most frequently 
reported barriers by the staff members of the participating clinics. Some of the respondents 
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also made a connection between these two issues, pointing out that the inadequate signage 
system could also be a reason for wayfinding issues. They also recommended using colours 
to solve this problem. Several staff members highlighted issues with the electric doors or 
elevators, while four of them emphasized the insufficient dimensions of corridors as a 
significant barrier. There were also staff members that stated that there were no barriers in the 
built environment of their rehabilitation clinics. Issues with floor surfaces, distance and physical 
obstacles were pointed out by only one or two staff members. 
4.1.2 Analysis of patients‘ questionnaires 
Patients were asked to identify the mobility issues they encountered in relation to the building 
design. They were also asked whether they encountered any physical obstacles when moving 
independently in the clinic. Same patients that were observed filled in the questionnaires. Since 
stroke is a condition that causes severe impairments such as speech problems, muscle 
weakness, paralysis, cognitive impairments and other impairments that make reading, writing 
and speaking challenging, not all patients were able to fill in the questionnaires. Sometimes 
the staff members would help the patient to fill in the questionnaire. In total, 60 questionnaires 
from 70 observed patients were available.  
Patients answered the questions: “Have you encountered any difficulties related to architecture 
when moving independently through the clinic? Have you encountered any obstacles when 
moving through the clinic? (for example objects, uneven floor, thresholds, stairs)?“ (translated 
from German) 
Out of 60 patients that answered the questionnaires, 28 patients reported that the did not 
encounter barriers in their clinics. The other 32 patients reported certain barriers and their 
answers were coded into categories based on the issue they were addressing. When one 
patient addressed more than one issue, his answer was coded two or more times. The table 
represents the variety of answers (sometimes several answers from one patient) and not the 
number of patients that responded to the questionnaire. The goal was to understand the variety 
of issues that patients report from their clinic and the general prevalence of reported barriers.  
Patients gave a more personal account of their experiences of physical barriers in the clinics 
in their questionnaire responses. Wayfinding was most frequently emphasized as a significant 
barrier in the built environment, similarly to staff questionnaires. Five patients also highlighted 
the issues with visual communication (signage system) in the building. Issues with long 
distances, floor surfaces and insufficient dimensions of corridors were more frequently found 
in patients’ responses than in staff questionnaires. Another important barrier that was reported 
by four patients were physical obstacles, such as equipment in the hallways. 
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  Table 11: Prevalence of physical barriers in patients' responses (originally in the German language) 
Category 
Prevalence 
% (n) 
Comments made by observed patients 
Wayfinding 
 
21,6 (11) 
 
 “It is difficult to orientate, I always need to look left and right.” 
 “Wayfinding is difficult. Everything seems chaotic to me.” 
 “Since the rooms do not have a clear arrangement, the paths 
are unclear.” 
“Very long paths, hard to read.“ 
“In corridors, they are all the same, I often don’t know in which 
corridor I am and also the visitors get lost.“ 
Distance 17,6 (9) 
“Long corridors, I am still weak and slow when driving the 
wheelchair.” 
“Long distances between therapies have to be covered. ” 
 “Distances too large with a walker, not enough seating 
opportunities to take a break..” 
Floor 17,6 (9) 
 “Uneven floor tiles, carpet flooring stops movement.” 
 “There is a connecting corridor that is a slope. This can’t be 
handled alone using a wheelchair.” 
Dimensions 13,7 (7) 
“It is a bit too tight to pass with walkers or wheelchairs.” 
 “Too many patients in hallways, too narrow, unpleasant 
atmosphere.”  
“Width of the therapy corridor (too narrow), all other corridors 
good.” 
Other 11,8 (6) 
 “Wheelchair accessible walkways are missing.” 
 “Not good for disabled. Too few elevators.” 
Visual 
communication 
9,8 (5) 
“Signs not visible or not there.” 
“Labelling of the stations in the lift. Labelling of the stations in 
the corridor area. Labelling of the thresholds and stair- steps.” 
Physical 
obstacles 
7,8 (4) 
 “There is too much stuff in the hallways.” 
 “Equipment that is left in the hallway!“ 
The responses to the patient and staff questionnaires called attention to several spatial aspects 
that both of these groups considered as barriers to the mobility of patients in rehabilitation 
clinics. The questionnaires were essential for identifying the most common physical barriers 
since there was no research study that could be used as a basis for empirical research. The 
answers of patients and staff and the categories that were identified were then used to analyse 
the results of the empirical study in each clinic. with the goal of identifying the barriers observed 
in real time. Shadowing was used to study actions in context and to identify physical barriers 
that stroke patients encountered during their daily life in the clinics. 
4.1.3 Shadowing data analysis 
Physical barriers to mobility were divided into five categories, derived from the previously 
reported barriers in the patient and staff questionnaires and the shadowing data. Wayfinding 
and visual communication were merged into one category of wayfinding. This was done 
because these two categories were usually reported in relation to each other and because it 
was observed that most stroke patients didn’t use the signs to get to places because they 
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already knew where they were going (after a certain time at the clinic) or because of different 
vision and cognitive impairments.  
These five observed categories were defined as follows: 
Wayfinding (WF): Difficulties with finding the way to the therapy, mistaking the corridor or the 
floor (does not apply to patients visiting therapy for the first time or the patients looking for a 
room number). 
Dimensions (DM): Not having enough space to pass or to park wheelchair/walker. 
Distance (DI): Significant issues (needing help) with reaching a certain place. 
Flooring (FL): Difficulties related to the flooring, slopes, uneven floor, etc. 
Physical objects (PO): Issues with objects on the way such as heavy doors, unused 
equipment in the corridors, etc. 
The collected shadowing data (time logs with activities) were then hand-coded to determine 
the number of encountered barriers in each category and their prevalence for each mobility 
level. The example of coding principles was given in Table 12. Each statement was that related 
to one of the barriers was coded with the name of that barrier. 
     Table 12: Coding example for each of the defined barriers 
Shadowing note Code 
doesn't know which way to go, turns the wrong way                                                                                   wayfinding 
cannot pass, has to wait (another wheelchair in front) dimensions 
makes a break, asks me to push his wheelchair distance 
loses control of the wheelchair on a floor slope flooring 
hits the equipment on the side with wheelchair physical obstacles 
The preliminary analysis of the shadowing data consisted of identifying all the physical barriers 
that each patient (n = 70) encountered on the day of the observation, counting them and sorting 
into categories based on their nature. The goal of the preliminary analysis was to discover 
what kind of barriers patients experienced on the day of observation and whether these barriers 
differed from the ones reported in the questionnaires. A table of the prevalence of each barrier 
for the three mobility levels was derived to compare the experiences of patients with different 
mobility levels (Table 13). 
Wheelchair users are a group that encounters the most barriers and the largest variety of 
obstacles (Table 13). There is no one dominant barrier that wheelchair patients encounter, but 
they are all represented. Patients using a walker encountered mobility issues predominantly 
related to the orientation and physical obstacles. Even in the category of patients that could 
walk independently, 38,7% of the patients encountered problems with the built environment, 
mainly in the wayfinding category. This is a high number, considering that these patients are 
in the best health state compared to the other two categories. The wayfinding difficulties remain 
present in all the rehabilitation stages, regardless of the patient’s mobility level. 
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  Table 13: Prevalence of physical barriers for each mobility level 
Mobility level (l) 
Total 
no. of 
patients 
Obstacles in the 
built environment 
(no. of patients) 
Prevalence of the obstacles 
(no. of observed events) 
No Yes WF DM DI FL PO 
l = 1 
(wheelchair) 
n = 16 
12,5% 
n = 2 
87,5% 
n = 14 
19,2% 
n = 10 
21,2% 
n = 11 
25% 
n = 13 
25% 
n = 13 
9,6% 
n = 5 
l = 2 
(walker) 
n = 23 
43,5% 
n = 10 
56,5% 
n = 13 
44,4% 
n = 12 
18,5% 
n = 5 
18,5% 
n = 5 
n = 0 
18,5% 
n = 5 
l = 3 
(independent 
walking) 
n = 31 
61,3% 
n = 19 
38,7% 
n = 12 
83,3% 
n = 20 
8,3% 
n = 2 
n = 0 n = 0 
8,3% 
n = 2 
The comparison of patients in different German rehabilitation phases (Figure 22) shows that 
the B phase patients (very low mobility) encounter the most obstacles in the built environment. 
The largest group of the sample belongs to the C phase and 65,6% of these patients did face 
a barrier in the physical environment on the one day of the observation. Even in the group with 
the highest mobility (D phase), 42,6% of patients encountered problems with the built 
environment of the rehabilitation clinic. 
 
Figure 22: Prevalence of physical barriers for each mobility level 
The results show that a significant number of stroke patients in rehabilitation clinics encounters 
physical barriers to mobility during their daily activities. It is important to note that even the 
patients that are in the late stages of rehabilitation still come across barriers in the built 
environment of rehabilitation clinics. Hence, the importance of a well-designed rehabilitation 
building is high for all stroke patients undergoing rehabilitation. 
4.1.3.1 RELATIONSHIP BETWEEN ENCOUNTERED BARRIERS AND PATIENTS’ MOBILITY LEVEL 
Table of the prevalence of physical barriers for different mobility levels (Table 13) indicates 
that there could be a relationship between the patients’ mobility level and the number of 
barriers that they encounter in the built environment. It is expected that patients that have the 
lowest mobility level (using a wheelchair) would encounter more barriers in the built 
environments than patients that can walk independently. This potential relationship is 
significant for understanding the difference in experiences among the three mobility levels and 
determining which patient groups need the most barrier-free built environment. To determine 
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the relationship between the experienced barriers and the patients’ mobility level, two 
hypotheses are formulated and tested using the shadowing (empirical) data. 
4.1.3.1.1 NUMBER OF ENCOUNTERED BARRIERS 
The first tested hypothesis assessed the relationship between the mobility level and the 
number of physical barriers that patients encountered in the built environment of rehabilitation 
clinics. All events of encountering barriers recorded during shadowing were counted for each 
individual patient. The highest number of encountered barriers for a single patient on the day 
of the observation was 8. Each event where the physical barrier was encountered was counted, 
regardless of the barrier category. The correlation test (Fisher’s Exact test) was performed to 
test the null hypothesis. 
Null hypothesis: Mobility level is not related to the number of encountered barriers in the built 
environment.  
The null hypothesis is rejected (p = 0,018 < 0,05, the relationship is statistically significant). 
Therefore, patients’ mobility level is related to the number of barriers encountered in the built 
environment. The nature of the relationship is visible in the scatter plot (Figure 23). There is a 
moderate negative correlation between the number of issues and the mobility level which is 
statistically significant (rs = - 0,45, p < 0,001). This result indicates that the number of barriers 
encountered in the built environment decreases with the patient’s increased mobility level. 
 
Figure 23: Correlation between patients' mobility levels and the number of encountered barriers 
(Fisher’s Exact test: 23,73, p =  0,018, Spearman’s correlation: rs = - 0,45; p < 0,001) 
4.1.3.1.2 VARIETY OF ENCOUNTERED BARRIERS 
The second tested hypothesis assessed the relationship between the mobility level and the 
number of categories of physical barriers that patients encountered. The categories that were 
tested were the five main categories already identified in the questionnaires and shadowing 
data: wayfinding, dimensions, distance, floor and physical obstacles. All categories of 
encountered barriers during the shadowing day were counted for each individual patient. The 
maximum possible number of categories was five. The correlation test (Fisher’s Exact test) 
was performed to test the null hypothesis. 
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Null hypothesis: Mobility level is not related to the number of barrier categories that patients 
encountered in the built environment. (5 categories: wayfinding, dimensions, distance, floor, 
physical obstacles) 
The null hypothesis is rejected (p = 0,004 < 0,05, the relationship is statistically significant). 
The result shows that patients’ mobility level is related to the number of categories in which 
they encountered barriers in the built environment. The nature of the relationship is visible in 
the scatter plot (Figure 24), there is a moderate negative correlation between the number of 
categories in which the patients encountered issues and the mobility level, which is statistically 
significant (rs = - 0,46, p < 0,001). This result indicates that the number of categories in which 
patients encounter issues decreases with the increased mobility level.     
 
Figure 24: Correlation between patients' mobility levels and the number of barrier categories they 
encountered (Fisher’s Exact test: 18,77, p = 0,004; Spearman’s correlation: rs = - 0,46, p < 0,001) 
Both tests demonstrate that the patient’s mobility level has an influence on the way they will 
experience physical barriers. The built environment of rehabilitation clinics is more disabling 
for patients with the lowest mobility level (using a wheelchair). This is reflected not only in the 
number of issues they encounter in the built environment but also in the variety of categories 
of barriers compared to patients with better mobility levels and health state. Hence, the built 
environment is disabling to the greatest degree for patients who are the most disabled by a 
stroke. In this way, they experience not only the physical impairments to mobility caused by a 
stroke but also the barriers in the built environment that make it more challenging to be 
independently mobile. 
4.1.3.1.3 INFLUENCE OF THE LENGTH OF STAY  
The number of encountered barriers in the built environment could be related to the patients’ 
length of stay. It would be expected that the patient would learn how to overcome the initial 
barriers in the built environment after a certain time spent in that environment. To determine 
whether there is such an effect of the length of stay on the number of encountered barriers, a 
hypothesis was tested. The number of days that a patient spent in the clinic before the 
shadowing day and the number of encountered barriers for each patient were tested for 
correlation. It was assumed that the number of days spent in the clinic before the observation 
day would show patients‘ length of exposure to the built environment and, therefore, their 
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experience in that environment. The goal was to determine whether the patients that spent 
more days in the clinic encountered fewer barriers in the built environment.  
Null hypothesis: The length of stay (number of days) is not related to the number of 
encountered barriers.  
Failed to reject the null hypothesis (p = 0,399, Fisher’s exact test, the relationship is not 
statistically significant). The collected data in this research study fails to find the significant 
relationship between the number of barriers that patients encounter in the built environment 
and the number of days they spent in the clinic (Figure 25). The correlation between the two 
variables is weak and non-significant (rs = 0,036; p = 0,784). Since there was no prior 
knowledge on the number of barriers that patients encountered on all other days from 
admission until the day of the observation, it was not possible to determine whether the number 
of encountered barriers decreased over time for each patient. The only correlation that could 
be tested was the one between the number of days spent in the clinic before the observation 
day and the number of physical barriers encountered on that day for each patient, and no 
correlation was found in this data set.   
 
Figure 25: Correlation between patients' length of stay and the number of encountered barriers 
(Fisher’s Exact test: 497,79, p =  0,399; Spearman’s correlation: rs = 0,036; p = 0,784) 
This result indicates that the issues in the built environment of rehabilitation clinics remain 
present even after a patient has spent a certain time in that clinic. Hence, the issues 
encountered in the built environment cannot be attributed purely to the unknown and new 
environment that patients have to get used to. The continuous presence of barriers indicates 
that there are more significant problems in the design of rehabilitation clinics and that stroke 
patients have specific physical and cognitive impairments that prevent them from overcoming 
the barriers, even after a certain time spent in the clinic. 
4.1.3.2 COMPARISON OF RESULTS IN ALL RESEARCH SETTINGS 
In the preliminary analysis of shadowing data, the observed barriers to mobility were reported 
as a sum of barriers in all clinics together.  Although this preliminary analysis was significant 
for understanding the prevalence of each barrier and their relationship with the mobility levels 
of patients, it is also important to determine if these barriers are equally occurring in all 
participating clinics. For this reason, Figure 26 shows the prevalence of each identified barrier 
category in the seven rehabilitation clinics where the study was conducted.  
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Figure 26: Observed physical barriers in seven participating clinics 
When looking at the prevalence of the main identified physical barrier categories, there are 
certain differences among seven rehabilitation clinics. Wayfinding is a dominant issue in four 
rehabilitation clinics, being the only observed issue in two out of seven participating clinics: 
Gesundheitszentrum Glantal and Fachklinikum Brandis. There is a potential explanation for 
this divergence. Fachklinikum Brandis is the only participating clinic where all stroke patients 
belong to the rehabilitation phase D (last inpatient rehabilitation phase) and they can all walk 
independently. This means that the patients of this clinic are in a very good health state and 
quite independent. They are also able to move around freely without the use of assistive 
devices. As previously determined, this group of patients that can walk independently usually 
encounters issues in the wayfinding category and the other physical barriers are not that 
prominent. The wayfinding issues being dominant in this clinic is therefore not a surprising 
result. Another outlier is the Gesundheitszentrum Glantal. This is the newest clinic among the 
study settings. It was open in 2014 and it was built considering accessibility principles for 
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disabled patients. As a result, wide accessible corridors with automatic doors are only some 
of the design features that create a built environment with minimum barriers. This might be the 
reason why only the wayfinding issues were observed in this clinic. 
The consistency in all research settings is that the three barriers: wayfinding, dimensions and 
distance account for more than 50% of issues with the built environment. There are differences 
in the prevalence of certain barriers among the clinics, which might be the result of their 
different layouts and designs. For example, in the Helios Klinik Hagen-Ambrock, the most 
dominant issue is long distances, while the insufficient dimensions of corridors are the most 
prominent in Aatalklinik. These differences in barrier prevalence in participating clinics and 
their spatial characteristics are examined in section 4.2 of this chapter. 
4.1.4 Consistency of results among the three used methods 
Since three complementary research methods were used to discover the physical barriers to 
mobility in seven rehabilitation clinics, the results were compared to establish the similarities 
and differences among them (Figure 27). Prevalence and variety of barriers reported in patient 
and staff questionnaires, as well as observed during the shadowing were presented and 
compared. 
 
Figure 27: Comparison of results among the three used research methods 
All three research methods used to identify physical barriers in the built environment of 
rehabilitation clinics highlighted several categories of barriers. There are certain differences 
between the results of these three methods. Wayfinding issues had the highest prevalence in 
all research methods, but they are not completely dominant in the patient questionnaires like 
in staff questionnaires and the shadowing data. In patient questionnaires and shadowing data, 
issues with distance and dimensions are highly prevalent, which is in contrast with the staff 
questionnaires. In staff questionnaires, the wayfinding issues and issues with visual 
communication accounted for slightly more than 50% of all responses and the other barriers 
were rarely reported. A reason for this could be the nature of the job of the medical staff. Since 
they treat a large number of patients each day, it could be expected that they would report the 
most obvious issue in their rehabilitation clinic. When patients get lost in a clinic, they usually 
get late for their appointments and they have to ask staff members for help. Issues with 
98  
dimensions, distance or other might not be so dominant and obvious in their daily work. 
Another reason could be that staff members themselves had often experienced wayfinding 
issues in their clinic (as reported in informal conversations with several staff members). This 
could be an explanation for understanding the patients’ experience with wayfinding better than, 
for example, the experience of a patient in wheelchair encountering long distances between 
spaces. 
Another difference in results is in numbers of patients that encountered or reported a barrier. 
The shadowing data showed that more patients experienced mobility issues related to the 
physical environment on the observation day than it was reported in their questionnaires 
(55,7% of patients during observations compared to 44,3% in questionnaires). This difference 
is unusual since each patient was observed during only one day and the questionnaires asked 
them about their experience during the whole stay in the rehabilitation clinic. It was expected 
that more patients would report issues in the built environment than they were observed on the 
one day of shadowing. The reason could be that the patients that were able to answer the 
questionnaire were in later rehabilitation phases and therefore having fewer mobility issues. 
An additional and very probable reason could be the unwillingness of patients to report 
experiencing mobility issues. Patients could be reluctant to admit that they faced a barrier in 
the built environment as a result of their disease since admitting a problem would also have 
meant that they admit having mobility limitation caused by stroke. 
Although there are differences in the prevalence of the physical barriers, these main 
categories: wayfinding, dimensions, distance, floor and physical obstacles are present both in 
observation data and in patient and staff reports, which makes the results of the three methods 
consistent. For this reason, these five identified categories of barriers and their spatial 
characteristics were examined further to determine what makes them become barriers to 
mobility. 
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4.2 Further analysis of the identified physical barriers 
4.2.1 Relationship between barriers and mobility levels 
A significant moderate negative correlation was already determined between patients’ mobility 
levels and the number of encountered barriers, as well as patients’ mobility levels and the 
number of barrier categories they encountered. Although the identified correlation is important 
for demonstrating that the experience of the built environment depends greatly on the patients’ 
mobility level, it is not clear whether the difference in encountered barriers is present in each 
barrier category. Two statistical tests were performed to ascertain whether the difference in 
the number of encountered barriers for each mobility level is significant for each barrier 
category (Table 14). Kruskal-Wallis Test was used to determine the significance of the 
difference among the three mobility levels for each barrier and the Mann-Whitney test was 
used to determine where those differences were the most prominent, by comparing two 
mobility level groups at once. 
Table 14: Comparison of numbers of encountered barriers for each mobility level (n = 70) 
Barrier category 
Mobility levela 
Significanceb 
l = 1 vs. l = 2 l = 2 vs. l = 3 l = 1 vs. l = 3 
Wayfinding p = 0,918 p= 0,926 p = 0,841 p = 0,980 
Dimensions p = 0,046* p = 0,184 p = 0,001**    p = 0,002** 
Distance p = 0,039* p = 0,097 p < 0,001**    p = 0,001** 
Floor p = 0,001** p = 1,000 p < 0,001**    p < 0,001** 
Physical 
obstacles 
p = 0,948 p = 0,101 p = 0,173 p = 0,237 
* statistically significant difference  
** statistically highly significant difference  
a Mann-Whitney U Test, comparison between two mobility level groups at a time 
b Kruskal-Wallis Test, comparison between all three mobility level groups 
The difference in the number of encountered barriers among the three mobility levels is 
statistically highly significant for dimensions, distance and floor barrier categories. In 
wayfinding and physical obstacles categories, there is no statistical significance for this 
difference. These differences are further examined by comparing the two mobility levels one 
by one (l1 with l2, l2 with l3 and l1 with l3). There are significant differences in numbers of 
encountered barriers for mobility levels 1 (wheelchair) and 2 (walker). The difference is 
significant for dimensions and distance categories and highly significant for the floor category. 
When mobility levels 2 (walker) and 3 (wheelchair) are compared, there is no statistical 
difference in the number of encountered barriers for any of the barrier categories. The most 
substantial differences are found between level 1 (wheelchair) and level 3 (independent 
walking). In the categories of dimensions, distance and floor, this difference is statistically 
highly significant.  
This result is important for demonstrating even further that significant differences in the 
experience of barriers exist among the three mobility levels. The difference between patients 
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that use a wheelchair (level 1) and the ones that can walk independently (level 3) is the largest, 
which could be expected. Patients in level 1 are in the beginning stages of rehabilitation and 
they suffer from more post-stroke impairments. They have limited motor function and need to 
use a wheelchair as a mobility aid. On the other hand, patients belonging to level 3 are 
completely independent and able to walk without mobility aids. Significant differences also 
exist between the levels 1 and 2, which could also be explained by the worse health condition 
of patients in the level 1 and their inability to walk, as well as missing ADL competences. This 
is supported by the fact that there is no significant difference in the number of encountered 
barriers for any of the barrier categories between mobility levels 2 (walker) and 3 (independent 
walking). Patients using a walker are often in the advanced stages of rehabilitation and only 
requiring minimum support while walking. The difference in the mobility ability between level 2 
and level 3 is therefore much lower than between level 1 and level 2.  
These differences in the number of encountered barriers occur in only three out of five barrier 
categories. Wayfinding and physical obstacles, therefore, remain present as significant 
barriers in all mobility levels. The reason for the constant presence of wayfinding issues could 
be the cognitive impairments often present after a stroke, as well as the often complicated 
layout configuration of rehabilitation clinics and inadequate signage system. Physical obstacles 
can block the space where patients need to walk through (heavy doors) or limit the mobility 
(equipment stored in the corridors). Therefore, certain physical obstacles could be barriers 
even for patients that can walk independently. 
Issues with insufficient dimensions, long distances and floor surfaces were mostly experienced 
by patients using a wheelchair. Since these patients have a low mobility level and are using 
the mobility aid, it is more challenging for them to avoid obstacles and cover large distances. 
They also need more clear space in the corridors to manoeuvre their wheelchair. Hence, the 
patient group with mobility level 1 is the most vulnerable to the barriers in the built environment. 
A more accessible and supportive environment could potentially enable them to be more active 
and more independent during their rehabilitation, without the concern for their safety. The 
results show that differences in the experience of the built environment among the three 
mobility levels are highly significant.  
To identify the spatial factors that influence the experience of physical barriers in the built 
environment of rehabilitation clinics, each of the identified five main categories of barriers was 
examined separately. The goal was to identify spatial patterns that create barriers and to later 
offer potential design recommendations for better wayfinding. 
  
RESULTS: ARCHITECTURAL BARRIERS TO MOBILITY | 101 
 
4.2.2 Wayfinding 
Since the impairments after stroke are often complex and their effect on wayfinding 
performance is difficult to determine, there is a clear lack of empirical studies examining the 
wayfinding ability of stroke patients in specific built environments. Therefore, the results in this 
chapter offer the first insight into the wayfinding ability of stroke patients in rehabilitation clinics. 
The wayfinding was examined in the context of barriers to mobility, to determine what kind of 
spatial features afford wayfinding difficulties and getting lost. 
The position of this research study is different to a large majority of studies on wayfinding which 
test participants’ performance in unfamiliar environments. The participants in this study were 
all inpatients in their rehabilitation clinics, which means that they were not observed in an 
unfamiliar environment, but the environment where they had already spent some time in. 
People’s familiarity with the environment is also argued to have a significant influence on their 
wayfinding performance. Thus, it could be assumed that the number of wayfinding issues 
would be even higher if the patients were observed on their first day in the rehabilitation clinic. 
Nevertheless, the goal of this study was to identify barriers to mobility that were occurring even 
after the patients spent a certain time in the clinic and to establish the design features of 
corridors where they encountered wayfinding issues, such as geometry and dimension 
characteristics. For this purpose, patients were observed in real-time, in their usual daily 
activities in the seven participating clinics.  
Table 15 shows the number of all wayfinding events in each clinic, as well as the number of 
patients with each of the three mobility levels that encountered wayfinding issues. There was 
no statistically significant difference in the number of wayfinding issues found in the seven 
participating clinics. There also appears not to be an obvious relationship between the patients‘ 
mobility level and the number of wayfinding issues. 
   Table 15: Number of wayfinding issues in each clinic 
Clinic 
Number of total 
events* 
Number of patients (mobility level) 
l = 1 l = 2 l = 3 
Hessisch Oldendorf 7 2/2 2/4 0/4 
Brandis 2 0/0 0/0 2/10 
Glantal 7 0/1 1/4 3/5 
Elzach 6 2/5 2/2 0/3 
Aatal 3 0/2 1/5 2/3 
Schwarzwald 6 1/3 2/5 0/2 
Hagen - Ambrock 11 0/3 0/3 4/4 
               *p = 0,881, no statistically significant difference among clinics (Kruskal Wallis test) 
When the number of wayfinding issues was compared between the three mobility levels, no 
statistically significant difference was found (Table 14). To establish that there was no such 
relationship, a hypothesis was tested to determine the correlation between the mobility level 
and the number of wayfinding issues for each patient. 
 Null hypothesis: Mobility level is not related to the number of encountered wayfinding 
issues in the built environment. 
Failed to reject the null hypothesis, the correlation is not significant (Pearson Chi-Square = 
6,353, p = 0,896). Pearson’s correlation coefficient was computed to test the strength of the 
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relationship between the two variables and the correlation strength was found to be non-
significant (r = 0,017, p = 0,891). Thus, the results from this data set indicate that wayfinding 
issues are not characteristic for a certain mobility level, but that they occur in patients with all 
three mobility levels (Table 16). Around a third of patients in each mobility group encountered 
a wayfinding problem on the day of the observation. This is a significant finding, since it 
demonstrates that challenging wayfinding is a significant mobility barrier for all stroke patients, 
regardless of their mobility level. 
Table 16: Number and percentage of wayfinding issues observed for each mobility level (n = 70) 
Parameter 
Mobility level (n) 
l = 1 l = 2 l = 3 
Total number of patients (n) 16 23 31 
Patients with wayfinding issues (n) 5 8 11 
Percentage of patients with 
wayfinding issues 
31,25% 34,78% 34,48% 
In total, 24 out of the 70 observed patients encountered one or more wayfinding issues on their 
observation day in the seven rehabilitation clinics. There were 42 cases of wayfinding problems 
in total among these 24 patients. when patients encountered wayfinding issues on their 
observation days. This means that approximately a third of observed patients (34,28%) 
encountered one or more wayfinding challenges on that one day when they were observed, 
which is a high number of patients. 
The observed patients were also asked: “Have you ever gotten lost in this clinic?” in their 
questionnaires. There were 58 respondents to this question, where 29 patients reported that 
they had gotten lost one or more times and the other 29 patients replied that they had never 
gotten lost. Therefore, half of the respondents reported getting lost in their clinics, which is 
again a substantially high number, considering that people are often reluctant to admit having 
issues and getting lost. This number might even be higher since there might be patients that 
did not admit getting lost in their questionnaires. Out of the patients that reported getting lost, 
15 patients stated that they had gotten lost more than once in their clinic, which demonstrates 
that wayfinding is a significant problem in the participating rehabilitation clinics (Figure 28). 
  
Figure 28: Patients' responses to a question: "Have you ever gotten lost in this clinic?" 
n = 15
(26%)
n = 14
(24%)
n = 29
(50%)
yes, more than once yes, once no
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Both the number of patients that were observed to have a wayfinding issue and the number of 
patients that reported getting lost in their questionnaires show that there is a large number of 
patients experiencing wayfinding issues in rehabilitation clinics. Therefore, wayfinding is a 
significant barrier to mobility of stroke patients and it was investigated further to determine 
where and why patients encounter wayfinding issues. 
4.2.2.1 DESTINATIONS AND COPING STRATEGIES 
In total, there were 42 cases of patients with wayfinding issues in all seven clinics. Out of those 
42 cases, 7 cases happened when a patient went out of the elevator on the wrong floor and 
the rest were cases of wayfinding issues in the corridors on the same level (n = 35). In 
rehabilitation clinics, many patients and staff members take the elevators at the same time, 
therefore it is common that the elevator would open on every floor. The cases when patients 
went out on the wrong floor are not related to them pressing an elevator button to go to the 
wrong floor, but to the situation where the elevator door would open, the patient would look 
outside and decide that this was the floor where they needed to go out. These cases (n = 7) 
will be analysed after the main part of wayfinding analysis which was focused on cases that 
happened in the corridors. 
Patients that encountered wayfinding issues, encountered them mostly on their way to therapy 
(Table 17). This was the patients’ destination in 68,57% of observed cases. The second 
destination where patients encountered wayfinding problems was patient’s room, on the way 
back from therapy (n = 8) followed by dining room (n = 2) and main entrance (n = 1). 
Table 17: Patients' destinations when they encountered wayfinding issues (n = 35) 
Destination 
Number of cases 
(prevalence) 
therapy room/area 24 (68,57%) 
therapy to patient’s room 8 (22,86%) 
dining room 2 (5,71%) 
main entrance  1 (2,86%) 
Therefore, the way to therapies and back to their rooms is the most challenging path for 
patients in rehabilitation clinics. This result is significant since this is the most important path 
for patients in rehabilitation clinics. Attending therapies is the main activity they have to do 
more times per day, and when they encounter issues of the way, they might be late to their 
appointments or disturb other patients and staff members to help them and show them the 
right way. 
In the majority of cases, wayfinding issues manifested themselves in the form of making a 
wrong turn in the corridor (n = 18), followed by stopping and looking (n = 12) (Table 18). 
Stopping and looking was defined in this study as a situation when a patient stopped in one 
place and did not know where to go further, also not understanding the signage (or the signage 
was not present). In these situations, the patient would usually ask a staff member or other 
patient for help. The third most common situation was that the patient was accompanied by a 
staff member or a visitor and wanted to make a wrong turn, but was shown the right way (n = 
3). One patient kept turning around to try to find a way and one was looking at the reflection in 
the large wall mirror, confusing the reflection for the right direction. 
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Table 18: Description of situations when patients encountered wayfinding issues 
Situation (patient...) 
Number of cases 
(prevalence) 
makes a wrong turn 18 (51,43%) 
stops and looks 12 (34,28%) 
wants to make a wrong turn 3 (8,57%) 
keeps turning around  1 (2,86%) 
looks at the mirror 1 (2,86%) 
To find the right way once that they encountered a wayfinding issue, patients employed 
different strategies (Table 19). Backtracking (n = 15) and asking for directions (n = 13) were 
the two most commonly used strategies. Patients that used backtracking as a strategy traced 
their steps back to the previous decision nodes and then made a different path choice, while 
the patients that used asking for directions would ask any person that was around, such as 
other patients, staff members and the researcher. Other strategies to overcome wayfinding 
issues were verbal/physical help from the staff (n = 3) or visitors (n = 2) to take them to the 
right destination or changing their mind about the direction where they wanted to go in the first 
place (n = 2). 
Table 19: Strategies that patients used to overcome wayfinding issues 
Strategy 
Number of cases 
(prevalence) 
backtracking 15 (42,86%) 
asking for directions 13 (37,14%) 
verbal/physical help from staff 3 (8,57%) 
verbal/physical help from visitor  2 (5,71%) 
changing direction 2 (5,71%) 
In summary, the large majority of patients encountered wayfinding issues on their way to 
therapy or going back to their room after therapy (91,42% of all cases). The most common 
wayfinding issue was choosing the wrong direction in the corridor’s decision point and the most 
common strategy employed by patients to find the right path was backtracking. Furthermore, 
the geometric properties of the paths were analysed, together with the dimensions of corridors 
where patients encountered wayfinding problems. 
4.2.2.2 ANALYSIS OF GEOMETRY 
4.2.2.2.1 LAYOUT ANALYSIS  
Out of seven rehabilitation clinics, Fachklinikum Brandis and Aatalklinik had the lowest number 
of observed wayfinding issues. Hagen-Ambrock was the clinic with the highest number of 
wayfinding issues. The possible reason for a low number of wayfinding issues in the two 
mentioned clinics could be their layout organisation. Both of these clinics have a radial layout, 
with a central core with vertical circulation and wings going out of this central core. 
Schwarzwaldklinik Neurologie has a similar radial organisation with only two wings on the 
upper floors and only the lower floor is more complex. There were no observed wayfinding 
issues in the corridors on the upper floors of Schwarzwaldklinik. Hence, the layout 
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configuration could potentially have an effect on the number of wayfinding issues, where the 
radial layout could potentially be the easiest one to navigate among the available layouts in 
this research study. 
Since the sample of patients and their health conditions could not be completely controlled and 
were not the same in all seven clinics, it was not possible to make a rigorous comparison 
between the effect of complete clinics’ layouts in terms of wayfinding issues. Although the 
definite conclusions cannot be made, the observations of the daily life of patients in each of 
the seven participating clinics do indicate that the radial layout was the clearest to navigate, 
possibly because of the reduced number of decision points. This type of layout was observed 
to have both positive and negative features: positive being the easier wayfinding, and the 
negative being the increased distances that patients need to cover between spaces because 
of always having to go to the central vertical circulation core. Therefore, it is not clear whether 
the radial layout would represent the most suitable layout for rehabilitation clinics. 
Since the building layouts could not be rigorously compared, the analysis was focused on 
identifying possible common patterns in the geometry and dimensions of corridors where 
patients encountered wayfinding issues. For this reason, each case of wayfinding issue was 
analysed as a separate case regardless of the clinic where they were located. Descriptive 
statistics were used to describe the basic spatial features from the collected shadowing data. 
4.2.2.2.2 NUMBER OF CHOICES 
To start the geometry analysis of corridors where patients encountered wayfinding issues, the 
number of choices that the patients had to choose from was analysed. The higher number of 
possible choices could be the reason for wayfinding issues since patients would have more 
possibilities for making a mistake. The possible number of choices was counted in the decision 
node, a place in the corridor where the wayfinding problem occurred. The "one choice" was 
defined as a corridor leading somewhere from the decision node (a place where the patient 
stopped or chose the wrong direction).  
 
Figure 29: Histogram showing the number of possible choices 
In 30 out of 35 cases, the patients had to choose between two (usually left or right) directions 
when they encountered wayfinding problems in the clinic (Figure 29). There were also three 
cases when there were three possible choices and two cases when there was only one 
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possible choice, but the patient got confused and did not know where to go. The especially 
characteristic case was the case 2 from Figure 29, where there was only a small piece of a 
corridor on the left side of the decision node, but there was also a large mirror on the wall, and 
the patient saw the reflection of the right side corridor in the mirror and wanted to go there. In 
the majority of cases (85,71%), patients had to choose between only two directions when they 
encountered wayfinding issue. This result might indicate that the number of choices was not 
as influential on the wayfinding performance as the possible visual similarity of potential 
choices.  
4.2.2.2.3 NUMBER OF DECISION NODES 
The number of places on the path where patients had to make a choice where to turn could 
also be one of the reasons for wayfinding issues. If there were more decision points on the 
path, it could be argued that the patient would have more probability to make a mistake in one 
of these points. On the paths where patients encountered wayfinding problems, there were 
more than two decision nodes in 34 out of 35 cases, and the number of decision nodes was 
as high as seven in five of those cases (Figure 30). Around the half of the paths had four or 
five decision nodes along the way.  
 
Figure 30: Histogram showing the number of decision nodes 
The high number of decision nodes could also be a contributing factor to wayfinding issues 
since patients have more decision points and therefore a higher chance to make a mistake 
and make a wrong turn in one or more of them. 
4.2.2.2.4 NUMBER OF LEVEL CHANGES 
Another factor that could potentially influence the wayfinding ability of patients is the change 
of floors (levels) on the path. When there is a level change involved, patients are encountering 
different environments, depending on the floor plan configuration on each level. In most cases 
when patients encountered wayfinding issues in the participating clinics, there was one level 
change involved (Figure 31). Only in five cases, the whole path was laid on one building level.  
It is not clear whether the change of level influences wayfinding performance, but the level 
change on the path was a common characteristic for 30 out of 35 cases of observed wayfinding 
issues. Hence, it is likely that the necessity to change the floor contributed to the wayfinding 
issues of patients. 
RESULTS: ARCHITECTURAL BARRIERS TO MOBILITY | 107 
 
 
Figure 31: Histogram showing the number of level changes 
4.2.2.2.5 ANGLE OF DEVIATION 
Since most of the wayfinding issues occurred when a patient had to choose between two 
choices in the decision node, the geometry of these choices could also influence the wayfinding 
ability. For each case, the angle of deviation was calculated between the natural path 
(continuing straight) and the possible corridor choices. The possible choices were the “wrong 
direction“ and the “correct direction“. When there were more than two possible choices, the 
larger angle of deviation was taken for the “wrong angle” analysis. What the analysis of the 
deviation angles shows is that the majority of both “wrong” and “correct” directions made an 
angle of 90° to the natural straight path (Figure 32). This indicates that patients would come to 
a stop in the corridor and have to choose between going left or right. 
 
Figure 32: Histogram showing the angle between corridors 
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To check if this observation was correct, the difference between the “wrong” and “correct” 
deviation angles was calculated. No difference between the deviation angles would signify that 
both possible corridor choices made the same deviation angle to the direction from which the 
patient was coming from. 
 
Figure 33: Histogram showing the difference in angle between corridors 
In the majority of cases, the possible choice corridors were in a straight line (20 cases), angle 
lower than 90° (3 cases) and there were also 12 cases where the corridors created a 90° angle 
or larger. The data in this data set shows that the majority of wayfinding issues happened in 
the decision points where a patient had to choose between the left or the right corridor or 
between one corridor continuing straight and the other one going left or right (90° angle).  
        Table 20: Mean and median of measured parameters (n = 35) 
Measured parameter Mean  Median  
total decision nodes (n) 4,03 4 
possible choices in the node (n) 2,03 2 
changes of level (n) 1 1 
deviation angle (°) 5,23 0 
On an average path where patients encountered wayfinding issues in this data set, there were 
4 decision nodes where they had to choose between multiple directions. The average possible 
number of choices in the particular decision node where the wayfinding issue occurred was 
two, meaning that the patient had to choose between going left or right in most cases. On 
average, there was also one level (floor) change along the path where the patient encountered 
a wayfinding issue. The average difference in the deviation angle also shows that when the 
patient had to choose between going left or right, these two choices made the same or almost 
the same angle with the natural straight path. This indicates that the patients would have to 
choose between two equally angled corridors in the majority of cases. Therefore, Table 20 
RESULTS: ARCHITECTURAL BARRIERS TO MOBILITY | 109 
 
gives an overview of the average characteristics of corridor spaces where participating patients 
in this study were observed to encounter wayfinding problems. 
4.2.2.3 ANALYSIS OF DIMENSIONS 
Since geometric properties of the spaces where patients encountered wayfinding issues were 
identified, it is also necessary to look at the dimensions of these corridors. The number of 
choices that were possible in the decision node, as well as the difference between deviation 
angles of the possible choices indicates that there might be a certain degree of similarity 
between the possible choices. This similarity could potentially be a cause for wayfinding issues 
since would increase the challenge of identifying the right direction for patients. For this reason, 
the corridors where patients encountered wayfinding issues were analysed further to 
determine whether there were certain patterns in the dimensions.  
The dimension analysis was limited only to the corridors that were the possible choices from 
the decision node. Therefore, the decision node was taken as the starting point and the 
corridors leading from it were analysed for their lengths, widths and surfaces. The whole length 
of the possible corridor choice was shown until it ended with a wall, door or another element 
that could be interpreted as the end of that corridor. All the presented cases were analysed 
using descriptive statistics, to determine whether there were any common characteristics 
among them in terms of dimensions. 
The first dimension parameter that was analysed was the total length of the possible corridor 
choices. The total length of the available space could be a factor influencing the wayfinding 
performance since the longer corridors could be more illegible for patients. In this parameter, 
the sum of lengths of two or more possible corridor choices was calculated for comparison 
(Table 21).  
Table 21: Histogram showing the total length of the corridors 
 
Dimension Mean (m) Median (m) Mode (m) Skewness 
Total length 43,40  42,02 13,31 0,364 
For each of the measured dimensions, the mean, median and mode (most frequently occurring 
number) were calculated, as well as skewness coefficient of the data set (Fisher–Pearson 
standardized moment coefficient). When the data is positively skewed, the mean and median 
are greater than the mode. The data is highly skewed when the coefficient of skewness is 
above 1.  
There are large differences in lengths of spaces where patients got lost, a clear pattern cannot 
be observed. Most of the cases fall between 30 m and 60 m of length, but there is also a 
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notable number of cases below and above this length. The data is also not highly skewed. 
Since the clear length pattern cannot be observed, the issue might not be the length of the 
whole corridor, but the similarity between two sides of the corridor. For this reason, the 
differences between the sides of the corridors that the patient had to choose from were 
analysed. For this analysis, a corridor was split in the place where patient accessed it on the 
path (the decision node) and these sides were compared in terms of length, width and surface 
area to examine if the similarity between corridors could be a reason for wayfinding issues.  
The length and width difference between the possible corridor choices are both highly skewed 
to the right. Both data sets also show a low difference in dimension. The length difference 
between the possible corridor choices in more than half of the cases was below 10 m. The 
corridor width shows even less variation in the dimensions, where in 28 out of 35 cases the 
widths of the corridors were the same.  
Table 22: Histograms of differences in length and width of corridors 
   
Dimension Mean (m) Median (m) Mode (m) Skewness 
Length difference 10,04  6,01 2,12 1,054 
Width difference 0,34 0,04 0,00 4,888 
Table 23: Histogram of differences in floor surfaces of corridors 
 
Dimension Mean (m2) Median (m2) Mode (m2) Skewness 
Surface difference 26,89  17,88 9,60 1,418 
When the difference in length, width and surface dimensions of corridors are analysed, a 
common pattern can be observed: the majority of cases display a small difference in 
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dimensions. The results show that patients mostly got lost in the corridors that were highly 
similar in dimensions, which indicates that the higher level of symmetry of the corridors is likely 
to have been a significant factor in their wayfinding performance.  
4.2.2.3.1 ADDED LENGTH OF PATH 
In 20 out of 35 cases, the observed patient covered a longer distance than necessary because 
of backtracking or walking around to find the right way. The usual distance between the starting 
point and the destination on the patient’s path was subtracted from the length of the path that 
the patient covered with wayfinding issues to calculate their difference. The average added 
length to the normal length of the path due to wayfinding issues was 43,78 m, ranging from 0,5 
m to 172,04 m (Table 24). Compared to the usual length of the path without wayfinding issues, 
the average added length that the patients covered because of wayfinding issues accounted 
for around 26% of extra distance. 
Table 24: Means and medians of the measured parameters (n = 20) 
Measured dimension Mean  Std. Dev. Median  
total path length (m) 139,95 64,97 134,46 
added length (m) 43,78 46,02 25,63 
added length (%) 26,72 21,87 21,08 
When the real length of the path between the starting point and destination is compared to the 
length of the path that patients covered due to wayfinding problems, the difference in length is 
statistically significant (Table 25). Therefore, patients that got lost in the clinics and walked 
around to find their way, walked around a quarter of the path more than necessary to reach 
their destinations, which is a considerably longer distance. This result indicates that the 
patients took a long time to realise that they were on the wrong path of they found it challenging 
to find their way once they made a wrong turn. 
Table 25: Comparison of lengths of paths with and without added length (n = 20) 
Distance Real length of path vs. Path with the added length 
Path length (m) p = 0,024* 
* statistically significant difference  
a Mann-Whitney U Test, comparison between the lengths of paths 
The results demonstrate that wayfinding is a significant issue in rehabilitation clinics and that 
stroke patients often encounter this kind of problems. The corridors where the wayfinding 
issues happened show many similarities in dimensions, as well as in the possible choices in 
the decision nodes, the number of level changes on the path and the deviation angle 
difference. In most decision nodes, the patient would come to a stop and had to choose 
between two directions, and these two directions created an equal angle in respect to the 
natural (straight) path in more than half of the observed cases. The results in this data set also 
indicate that when patients did encounter a wayfinding problem or made a wrong turn, it was 
difficult for them to find the right way immediately and they walked a considerably long 
additional distance.  
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4.2.2.4 FLOOR PLAN ANALYSIS 
The analysis of geometry and dimensions shows different properties of the spaces where 
patients have encountered wayfinding issues, but not their spatial locations. This is important 
for understanding where patients had wayfinding issues, whether a specific place was 
problematic for more than one patient and also in which situations patients have gone out of 
the elevator on the wrong floor. For this reason, all floor plans of the participating clinics were 
shown with marked locations of wayfinding issues in the form of heat maps. Corridors marked 
in grey were the corridors accessible to patients, and the orange and blue colour signify 
wayfinding issues. Choosing the wrong floor was marked with the colour orange and blue 
signified wayfinding issues on the same floor. 
 
           Figure 34: Wayfinding issues in Glantalklinik 
Wayfinding issues in the Gesundheitszentrum Glantal are mostly concentrated at the crossings 
of different corridors, where the patient had to choose to turn left or right. This clinic many 
corridors that are almost completely symmetrical on both sides of the crossing and these were 
the places where patients encountered wayfinding issues since it was difficult to determine 
which path was the right path to take.  
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         Figure 35: Wayfinding issues in Hessich Oldendorf cliinic 
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         Figure 36: Wayfinding issues in BDH-Klinik Elzach 
In the clinics BDH-Klinik Hessisch Oldendorf (Figure 35) and BDH-Klinik Elzach (Figure 36), 
the wayfinding issues arise from the unclear floor plan layout, where the basement level 
becomes very complex to navigate through. The wayfinding issues connected to mistaking a 
floor in the Hessisch Oldendorf clinic potentially happen because of the central vertical core 
with four elevators, two and two opposite of each other, where this same layout is repeated on 
two floors in the therapy area. Therefore, it is challenging to decide whether the floor is correct 
since the area seen from the elevator on each of the two floors looks the same. In the Elzach 
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clinic, two main vertical cores connect the floors, but not all floors are connected with each of 
the elevators. In this way, the patient has to know exactly which elevator to take to reach a 
certain floor and this potentially creates wayfinding issues. 
 
        Figure 37: Wayfinding issues in Aatalklinik 
Aatalklinik (Figure 37) is the clinic with the lowest number of observed wayfinding issues after 
Fachklinikum Brandis (where all patients can walk independently). The main vertical core of 
the building is located in the large middle corridor and this area looks the same on all floors 
except the ground floor. This similarity possibly causes issues with choosing the right floor. 
Another problematic area was the therapy corridor, where patients coming from the staircase 
in the middle of the corridor did not know where to turn, left or right. 
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        Figure 38: Wayfinding issues in Schwarzwaldklinik 
Wayfinding issues in the Schwarzwaldklinik (Figure 38) were mainly concentrated on the 
basement level, where the floor plan is more complex compared to the upper floors. There 
were only two main places on the ground floor where patients encountered wayfinding issues. 
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         Figure 39: Wayfinding issues in Hagen-Ambrock Klinik 
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On the upper floors, the only problem was finding the correct floor, since the layout of each 
floor and the view from the elevator on each floor looked the same. The Hagen-Ambrock clinic 
was the one with the most wayfinding issues, mainly concentrated on the basement level with 
therapies. Patients had difficulties to find the way to certain therapies since they were scattered 
around the building.  
 
                    Figure 40: Wayfinding issues in Fachklinikum Brandis 
The only wayfinding issue in the Fachklinikum Brandis was connected to choosing a wrong 
floor. Only two cases were observed and they both happened in the same area of the floorplan, 
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only on different floors. The issue arose when a patient would look out from the staircase area 
and choose to go out on the wrong floor because this view was very similar on both therapy 
floors. 
4.2.2.5 PATIENTS’ RESPONSES 
Patients reported issues with wayfinding in 11 cases, giving descriptive comments and their 
personal opinion. The most commonly reported issue was that corridors look alike, that the 
paths are long and unclear, and that wayfinding is difficult (Table 26). One patient reported 
that everything seemed chaotic to her. One patient from Glantalklinik proposed the addition of 
colour as a solution to corridors that look the same. Several patients also pointed out the 
signage as another issue potentially related to wayfinding difficulties. They reported unclear 
signage, the lack of signage and the misleading room numbers.  
Table 26: Patients‘ comments on the wayfinding issues (originally in the German language) 
Gender Clinic 
Mobility 
level 
Patient’s remarks 
Male 
Hessisch 
Oldendorf 
2 
“Long corridors - one can easily get lost - no 
orientation.” 
Male 
Hessisch 
Oldendorf 
1 “Room numbers misleading, too little signage.” 
Male 
Hessisch 
Oldendorf 
3 
“Since the rooms do not have a clear 
arrangement, the paths are unclear.” 
Female Glantalklinik 3 
“It is difficult to orientate, I always need to look 
left and right.” 
Female Glantalklinik 3 “Everything looks alike.” 
Female Glantalklinik 1 
“...in corridors, they are all the same, I often 
don’t know in which corridor I am and also the 
visitors get lost. Maybe colours or signs would 
help?“ 
Male Elzach 1 “Signage system is not clear.“ 
Female Schwarzwaldklinik 1 
“Wayfinding is difficult. Everything seems 
chaotic to me.“ 
Male Schwarzwaldklinik 1 
“Labelling of the stations in the lift. Labelling of 
the stations in the corridor area.“ 
Female Hagen-Ambrock 2 “Very long paths, hard to read.“ 
Male Hagen-Ambrock 1 
“The signage is not recognizable or not at all 
there.“ 
Besides the design factors influencing wayfinding that were identified in the shadowing data, 
patient questionnaires also point to signage design as a factor that makes the wayfinding 
challenging. Since there are already regulations on how to design suitable signage for people 
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with different impairments (see 6.2.6 Signage design), the signage design was not a subject 
of the analysis in this research study.  
4.2.2.6 SUMMARY AND CONCLUSION 
According to the results of both the shadowing data and the patient questionnaires, wayfinding 
is a significant issue in rehabilitation clinics. Although patients are usually able to find their way 
using different strategies, half of the respondents to the questionnaire reported getting 
completely lost in the clinic at least one time. According to the patients‘ questionnaires, long 
distances, unclarity of the spatial configuration, similarity of corridors and lack of appropriate 
signage all contribute to wayfinding issues in the participating rehabilitation clinics. Based on 
the observed cases of wayfinding issues and the patients’ comments, common wayfinding 
barriers in the participating rehabilitation clinics were deduced: 
Corridor symmetry 
Corridors that look almost the same at the decision points cause numerous wayfinding issues 
for stroke patients. When a patient arrives at an end of the corridor and needs to turn left or 
right, the possibility to make a mistake increases if the corridors are similar to each other. 
Similarity of floors 
The most commonly observed cause of wayfinding challenges was the similarity of circulation 
spaces (corridors) not only on one floor but also between different floors in the building. One 
patient from BDH-Klinik Hessisch Oldendorf highlighted this problem in the best way with a 
comment that every floor looked the same when you went out of the elevator and that you did 
not know where you were. Therefore, when the view out of the elevator/staircase is similar on 
every floor, the chance of mistaking a floor is higher than if these environments looked different 
on each floor. 
Layout complexity 
Although the direct influence of the complexity of the layout on wayfinding issues could not be 
tested, the results show that 34 out of 35 paths with observed wayfinding issues had two or 
more decision nodes, with an average of 4 decision nodes. This is a high number of places 
where patients need to choose their further direction, which leads to an increased possibility 
of error. Patients also tended to encounter more wayfinding issues on basement floors, which 
were usually more complex and connected different areas of the building and sometimes even 
different buildings belonging to the clinic.  
Paths leading to therapy 
These paths are the most challenging for wayfinding of stroke patients since 91% of wayfinding 
issues were encountered on the way to therapy or back. Special attention needs to be paid 
when designing paths to therapy since they need to be taken by patients more times per day. 
Wayfinding in rehabilitation clinics is a significant challenge for stroke patients, regardless of 
their mobility level. Hence, the possible solutions for identified common properties of circulation 
spaces that contribute to wayfinding issues were discussed in Chapter 6 of this thesis. 
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4.2.3 Dimensions 
Dimensions of spaces have a significant effect on the user’s experience of the built 
environment. When it comes to designing accessible spaces, the minimum dimensions are a 
common subject of building regulations, to ensure that people with all kinds of abilities can 
access the designed spaces. Circulation areas within the buildings, and especially the 
minimum width of corridors necessary for different groups of users is a well-investigated topic. 
The wheelchair users are the user group that needs the most space to pass through corridors, 
a surface of 150 cm x 150 cm is necessary to manoeuvre the wheelchair and the minimum 
clear corridor width for two wheelchairs to pass is 180 cm (DIN 18040-1). Patients using a 
wheelchair are common in healthcare facilities, and more specifically rehabilitation clinics, and 
this minimum dimension of corridors needs to be met in all rehabilitation clinics to afford the 
patients’ unobstructed mobility. For corridors to be walkable or travelable, they have to meet 
the required dimensions that allow these actions for their users.  
 
Figure 41: Minimum clear width and clear surface for wheelchair users (reprinted from Raumpilot 
Grundlagen by Jocher, T & Loch, S., 2012, Copyright 2012 Wüstenrot Stiftung, Ludwigsburg, und Karl 
Krämer Verlag Stuttgart+Zürich) 
The design goal for healthcare facilities is to meet the requirements needed for the normal 
functioning of the care practice. The main focus of this research study is the patients’ mobility 
and the analysis is focused on this particular dimension since the issues with the insufficient 
corridor dimensions are still present in many healthcare buildings. It is not clear what the 
reasons for these issues are. The regulations for the minimum widths of corridors for people 
walking or using mobility aids were clearly established and the minimum dimension for two 
wheelchairs to pass was met in most corridors of the seven participating clinics. Without further 
investigation, it is difficult to understand the cause of the issues with insufficient dimensions. 
The presence of issues with insufficient width of corridors could potentially signify that the 
corridors are used differently during the daily life in the clinic or that the additional uses of 
corridors were not accounted for in the initial plan. Therefore, the investigation of the issues 
patient encounter in the corridors of rehabilitation clinics is necessary. 
4.2.3.1 GENERAL CHARACTERISTICS 
A corridor is a significant space within a rehabilitation clinic. Corridors primarily connect 
different spaces within the building, such as patient rooms with therapy rooms or patient rooms 
with a cafeteria. They need to enable and support heavy patient and staff traffic, especially 
during therapy and mealtimes. Many of these patients use a wheelchair or a walker, and the 
staff members sometimes have the equipment, meal delivery carts or wheelchair patients that 
they are transporting. Therefore, they have to meet the necessary dimension requirements for 
different user groups.  
Corridors in rehabilitation clinics serve not only as circulation spaces but also as storage 
spaces, therapy spaces, informal spaces to rest or meet other patients, etc. All these external 
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activities are often expected and planned for, but sometimes also happen spontaneously. This 
could potentially cause the width of corridors to become insufficient for regular patient traffic. 
Another reason for certain clinics having more issues with corridor widths cold be the mobility 
level of patients (Table 27). For example, there are only patients that can walk in Fachklinikum 
Brandis, and no issues with dimensions were observed in this clinic. Another clinic with no 
observed issues related to dimensions is Gesundheitszentrum Glantal, where the narrowest 
corridors on the wards are 250 cm wide and the main corridor in the building is 500 cm wide. 
These dimensions allow for heavy patient traffic without major issues. 
    Table 27: Number of issues with dimensions in each clinic 
Clinic 
Number of total 
events* 
Number of patients (mobility level) 
l = 1 l = 2 l = 3 
Hessisch Oldendorf 1 1/2 0/4 0/4 
Brandis 0 0/0 0/0 0/10 
Glantal 0 0/1 0/4 0/5 
Elzach 5 4/5 0/2 0/3 
Aatal 9 2/2 1/5 1/3 
Schwarzwald 2 0/3 1/5 0/2 
Hagen - Ambrock 1 0/3 1/3 0/4 
*p = 0,036, Kruskal Wallis test, there is a statistically significant difference among clinics 
The two rehabilitation clinics with the most dimension issues that were observed were 
Aatalklinik and BDH-Klinik Elzach. Aatalklinik has a wide central corridor and the narrower 
ward corridors, but the potential issue is the single therapy corridor where all therapies take 
place. This corridor needs to support a large number of patients. The potential issue in the 
BDH-Klinik Elzach is its meandering linear corridor that all patients need to go through to reach 
therapies and the dining space. The particular cases where patient encountered dimension 
issues need to be analysed further to identify their causes. 
4.2.3.2 FLOOR PLAN ANALYSIS 
It often happens that dimension issues and issues with physical obstacles are related and 
similar to each other. In this study, the distinction between the two was made in two ways. 
When a patient was not able to pass through a corridor or to pass another patient in a corridor, 
this was counted as dimension issues, even if the issue was caused by a physical object in the 
corridor. If the patient hit the object (e.g. chairs in the sitting area) or could not open the heavy 
door that was on the way, that was counted as an issue with physical obstacles. This distinction 
between the dimension and physical obstacles issues when it comes to objects in the corridors 
was made in favour of dimension issues since this is a more significant issue that can be 
planned for in the initial design of the clinic. Physical obstacles in the form of equipment in the 
corridors could, therefore, be solved more easily if the dimensions of the corridors are suitable 
for the function of the building and its users.  
The dimension issues were described qualitatively, with the help of sketches of the particular 
situations made during the observations. The location of each situation is pointed out on the 
floor plan to map the problematic areas of each clinic in terms of corridor width. 
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BDH-Klinik Hessisch Oldendorf 
 
Figure 42: BDH-Klinik Hessisch Oldendorf floor plan with dimension issues (scale 1:500) 
Situation 1 Insufficient corridor dimensions 
 
The patient that was using a wheelchair was going back to 
his room from therapy. Another patient was going to the 
same therapy area. There was not enough space for two 
wheelchair users to pass. The reason for the insufficient 
dimensions is the addition of waiting chairs in the corridor 
which reduced its width to around 1,30 m. This width is not 
sufficient for two wheelchairs to pass at the same time. 
This corridor is potentially problematic since it is the only 
way to reach the therapy area with a pool and different 
kinds of therapy rooms. 
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Schwarzwaldklinik Neurologie 
 
Figure 43: Schwarzwaldklinik floor plan with dimension issues (scale 1:500) 
Situation 1 and 2 Insufficient space in front of the elevators 
 
 
The patient (wheelchair user) did not have enough space 
to go out of the elevator because there were too many 
patients with wheelchairs and walkers waiting in front of 
it. The possible reason for this is the existence of only 
two central elevators in the whole clinic which has six 
floors and 188 patients. The main issue is the hotel-like 
organisation of the clinic, where patient rooms are on 
higher levels and the therapies are on the basement 
level. Since all patients need to attend therapies in the 
basement around four times per day on average, this 
creates significant traffic in these two elevators. There is 
also no separate elevator for the staff, so all the users in 
the building can only use these two elevators. This 
creates a constant issue where patients are not able to 
get into the elevator or to go out of it. 
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BDH-Klinik Elzach 
 
Figure 44: Schwarzwaldklinik floor plan with dimension issues (scale 1:500) 
Situation 1  Insufficient corridor width 
 
Equipment left in the corridor makes it challenging 
for three persons to pass each other, a patient in a 
wheelchair, another patient in a wheelchair being 
pushed by a staff member and a staff member 
pushing a meal delivery cart. 
Situation 2 Insufficient corridor width 
 
Equipment left in the corridor makes it challenging 
for two patients to pass each other, especially 
because one of the patients just went down a floor 
slope and has difficulties with controlling the 
wheelchair. 
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Situation 3 Insufficient space in front of the elevator 
 
The patient using a wheelchair is not able to pass 
through a corridor because there are too many 
patients waiting for the elevator and going out of the 
elevator. The situation happened around the 
mealtime, so there is also a staff member pushing 
a cart with food. 
Situation 4 Insufficient corridor width 
 
Two patients don’t have enough space to pass 
since there is a bed left in the corridor that 
significantly reduced the width of the corridor 
Situation 5 Insufficient corridor width 
 
The patient using a wheelchair is not able to pass 
through a corridor because there are many patients 
in wheelchairs and with walkers waiting in front of 
the nurses’ station. 
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Aatalklinik 
 
Figure 45: Aatalklinik 1st floor plan with dimension issues (scale 1:500) 
Situation 1  Insufficient corridor width 
 
Two patients, one in a wheelchair and 
the other independently walking, are 
not able to pass each other in a corridor 
because its width was reduced with the 
addition of chairs.  
Situation 2 Insufficient corridor width 
 
The patient using a wheelchair has no 
place to wait for therapy, there is no 
place for a wheelchair to stay. The 
patient cannot wait in the middle of the 
corridor, because it would block the 
passage, so she stays in front of the 
therapy room’s door, blocking the door. 
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Situation 3 Insufficient space in front of the elevator 
 
The patient using a wheelchair is not 
able to pass through the corridor and 
reach the therapy room since there is 
another wheelchair patient in front and 
the corridor is not wide enough. 
Situation 4 Insufficient corridor width 
 
The patient that can walk 
independently is not able to pass 
through the corridor and reach the 
therapy room since there is another 
wheelchair patient in front and the 
corridor is not wide enough. 
Situation 5 Insufficient corridor width 
 
The patient using a wheelchair has no 
place to wait for therapy, there is no 
place for a wheelchair to stay. The 
patient cannot wait in the middle of the 
corridor, so she stays in front of the 
therapy room door, blocking the door. 
Situation 6 Insufficient corridor width 
 
The patient has to stop moving and 
stop to let the staff member pushing 
two patients in a wheelchair pass, the 
ward corridor is not wide enough. 
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Figure 46: Aatalklinik 2nd floor plan with dimension issues (scale 1:500) 
Situation 7 Insufficient corridor width 
 
There is a meal delivery cart left in the 
corridor that is blocking the way for a 
patient using a walker. 
Situation 8 Insufficient corridor width 
 
The patient using a wheelchair was going 
backwards because it is easier to roll the 
wheelchair on the carpet this way. The 
meal delivery cart that is left in the corridor 
makes it challenging for this patient to 
pass. 
Situation 9 Insufficient corridor width 
 
There is a meal delivery cart left in the 
corridor that is blocking the way for a 
patient using a walker. 
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HELIOS-Klinik Hagen Ambrock 
 
Figure 47: HELIOS Klinik Hagen-Ambrock floor plan with dimension issues (scale 1:500) 
Situation 1 Insufficient corridor width 
 
Medical equipment that is left in the corridor reduced 
its width, so the patient using a walker is not able to 
pass the patient in a wheelchair that is coming in the 
opposite direction. This is a common occurrence on 
the ward corridor in this clinic. The staff often leaves 
different medical equipment in the corridors since there 
is no enough storage space on the ward. 
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4.2.3.3 PATTERN ANALYSIS 
The 18 described cases in the participating clinics illustrate the nature of dimension issues that 
patients encounter on a daily basis. Since each patient was only observed for one whole day 
in the clinic, and only 10 patients per clinic were shadowed, the number of observed cases 
could be considered high. The study, therefore, revealed the main problematic areas in each 
building, although there is a possibility that some of them were not identified due to the short 
field study time and a small number of observed patients. Although each case of dimension 
issues is individual and different, certain patterns can be observed between them. The distance 
issues cannot be attributed primarily to therapy area corridors or patient corridors since the 
number of cases in each was comparable (                    Figure 40). 
          
Figure 48: Location of the identified dimension issues (left) and their causes (right) 
Around a third of cases could be attributed to improper planning (33%), since the corridor width 
was adequate, but the addition of chairs made them too narrow for two patients to pass (Figure 
48). The dimension of chairs and people seated on them had to be accounted for when 
planning the corridor width. This is especially obvious in the clinic Aatalklinik, where most of 
the issues with dimensions happened in the therapy corridor. Since this is a central therapy 
area where all patients go to, the waiting chairs were a necessary addition, so they had to be 
envisioned in the initial planning stage. 
The largest number of cases (39%) happened because of the physical objects that were placed 
in the corridor, usually temporarily, although it is not clear for how long. During the time that 
they were placed in the corridors, they caused issues with dimensions for patients that were 
not able to pass through. The 28% of dimension issues were directly caused by other patients 
but indirectly caused by the chairs or the objects in the corridors. Although the observed patient 
could not pass through a corridor because of another patient that was in the way, this would 
be possible if there was enough space left in the corridor. Therefore, the permanent addition 
of waiting chairs and the temporary addition of different objects in the corridors reduces their 
width significantly and causes dimension problems in the clinics. Another situation where 
patients were the cause of why a patient could not pass through the corridor is related to 
insufficient space for waiting in front of the elevators or, in one case, the nurses’ station. 
The large majority of the observed cases (89%) was related to not having enough space to 
pass through the corridor because of insufficient dimensions (Figure 49). Only two times (11%) 
the patient did not have enough space to park the wheelchair while waiting for therapy. The 
results indicate that there is a significant discrepancy between the planned use of corridors 
and their actual use, which results in insufficient corridor widths, although most of them comply 
with the barrier-free building regulations.  
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Figure 49: Types of identified dimension issues 
Another issue that potentially contributes to the issues with dimensions is the traffic overload 
in certain corridors during specific times of the day. The reason for the heavy patient traffic 
through only a specific corridor could be the zonal segregation of spaces within the clinic. This 
would, for example, mean that the therapy area is strictly separated from the patient wards and 
that patients have only one way of reaching the therapy area (the case of Schwarzwaldklinik 
and Fachklinikum Brandis). Therefore, this one way of reaching the therapies, or in some cases 
the dining area, could be problematic for patients if its dimensions are not sufficient to support 
such traffic.  
To identify the scale of the problem when chairs or other objects were added to a corridor, the 
widths of corridors before and after the addition of these objects were compared. There were 
11 out of 18 observed cases of dimension issues connected to the corridor width reduced by 
an object. The addition of chairs and other objects in the corridors significantly reduced their 
width in the observed situations (Table 28).  
Table 28: Comparison of corridor widths with and without added objects 
Corridor width 
All cases (n = 11)* 
Original width Reduced width 
Mean (cm) 203 126 
Median (cm) 202 135 
*p < 0,001, Mann-Whitney U test, there is a statistically significant difference between the planned 
width and the width resulting from added permanent or temporary objects 
The average corridor width where the dimension issues were observed was around 2 m, but 
the addition of other objects reduced this width to 1,26 m on average. This reduced width is 
significantly lower than the width necessary for two wheelchair users to pass (180 cm) or one 
wheelchair user and one walking person to pass (160 cm). This dimension is also smaller than 
the required clear space necessary for a patient in a wheelchair to change direction (150 x 150 
cm). This result shows the scale of the issue when other objects that were not planned are 
added to the corridors. The most critical corridors are the ones where permanent objects, such 
as waiting chairs, need to be added.  
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4.2.3.4 PATIENTS’ RESPONSES 
Out of seven patients that reported dimension issues in their questionnaires, only five of them 
offered slightly more detailed comments on the issues in their clinics (Table 29). The patients’ 
comments addressed the narrowness of the corridors, a large number of patients in the 
corridors and the unpleasant atmosphere. One patient also pointed out that the lack of a 
service elevator for food might be a contributing factor to the dimension issues. Staff members 
have to bring large meal delivery carts to the wards for every meal and to leave them in the 
corridor while they are giving meals to immobile patients in their rooms. This creates significant 
obstacles for patients to pass through the ward corridors. 
Table 29: Patients‘ comments on dimension issues (originally in the German language) 
Gender Clinic 
Mobility 
level 
Patient’s remarks 
Female Glantalklinik 1 
“With a wheelchair, not enough parking 
place.” 
Male Aatalklinik 3 
“Narrowness of the therapy floor, service 
elevator is missing (for food).” 
Male Aatalklinik 3 
“Width of the therapy corridor (too narrow), all 
other corridors good.” 
Female Schwarzwaldklinik 2 
“It is a bit too tight to pass with walkers or 
wheelchairs.” 
Female Schwarzwaldklinik 2 
“Too many patients in hallways, too narrow, 
unpleasant atmosphere.” 
4.2.3.5 SUMMARY AND CONCLUSION 
It is difficult to separate dimension issues from other barriers since the adequate width of 
corridors was fulfilled in all corridors except in the wards of Aatalklinik. The dimension problems 
were observed to occur in places where there was heavy patient traffic in the corridors and 
where the dimensions of corridors were insufficient. This happened in clinics where there was 
drastic zonal segregation between functions, and a large number of patients were going to the 
same place at the same time. Although the original corridor width was sufficient for two 
wheelchair patients to pass, the addition of different permanent or temporary objects reduced 
their width. This resulted in a significant barrier to patients’ mobility within the clinics. 
Based on the observed cases of dimension issues and the patients’ comments, some general 
conclusions can be made. Four major problematic areas stand out: 
Therapy area corridors 
A large number of patients coming and waiting at the same time, the addition of chairs is 
necessary, but it reduces the width of the corridor significantly. 
Corridors leading to therapy and dining areas 
 Since therapies and meals are scheduled at similar times, there is a large number of patients 
going to these areas at the same time, causing a potential traffic overload in the corridors 
leading to therapies or the dining space. This is especially the case if most therapies are 
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concentrated in one part of the clinic, or if there is only one large cafeteria for all patients, and 
there is only one way to reach it.  
Space in front of major elevators 
Central elevators are used frequently during therapy and meal hours. Many patients in the 
clinics use wheelchairs or walkers and need space for manoeuvring. The space in front of the 
elevators is often not large enough, preventing patients from exiting or entering the elevator 
because there are too many patients waiting in front. 
Ward corridors at mealtimes 
All mobile patients go to meals at similar times of the day, creating high patient traffic. At the 
same time, immobile patients are served in their rooms. Staff members need to bring the large 
meal delivery carts to the wards and to leave them in the corridors while serving the patients. 
Another issue is the lack of storage spaces for medical equipment that results in this equipment 
being left in the corridors. This creates barriers to the mobility of patients that want to pass 
through that corridor.  
These zones are a common issue in many rehabilitation clinics, although they were not 
observed in all clinics in this research study. A small number of participants and the focus on 
single patients’ experiences could be the reason for that. Even though the study was not place-
centred to identify the areas with dimension issues, the most problematic zones were 
nevertheless traced via the daily paths of patients in each clinic. The possible solutions for the 
identified problematic areas in terms of dimensions were developed in Chapter 6.  
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4.2.4 Distance 
Distance is a property of the built environment created by arranging spaces in a certain order. 
Therefore, it can be controlled by designing a suitable layout for the users of the building and 
their abilities. The common goal of design for healthcare facilities is to create the shortest 
possible distances between spaces. These shorter distances benefit both patients and staff 
members working in the facility. Although short distances are the general goal of design, long 
distances between spaces are still a common issue in healthcare buildings, since they are 
usually large buildings with a complex program. The same issue arises in healthcare buildings 
that are adapted from other functions or where additional parts were built over time.  
Walking distance is an important measurement in the stroke recovery process, even as a part 
of the Barthel Index scale. The cutoff distance for determining the patients’ mobility level is 
taken to be 50 yards (45,72 m). Although patients that can walk independently for 45 m are 
considered completely mobile, with a maximum of 15 points, the distances that they have to 
cover in the clinic each day frequently exceed 45 m. Consequently, some stroke patients use 
a mobility aid on longer distances and walk without any help on shorter distances. Similar 
happens with certain patients that are using a wheelchair, they can be independent on shorter 
distances and require a transfer service on longer ones. Therefore, there is potentially a 
distance threshold that affects the independent mobility of patients. The main spaces within 
the rehabilitation clinic should lie within this threshold for the most vulnerable patients, to allow 
for their maximum possible independence and mobility.  
The most important spaces in a rehabilitation clinic that need to be well connected are patient 
rooms, therapy area and dining area. These connections are crucial since patients have to 
travel to therapies and meals several times per day. Although these spaces should be well 
connected, it is not clear what the optimal distances between the spaces are and if they should 
be the same for all patients. Hence, it is necessary to investigate the relationship between 
distance and (dis)ability and the effect of distance on patients with different mobility levels. The 
distance itself might have the potential to afford independent mobility for all patients when 
carefully designed. When patients are not able to cover a certain distance alone, without having 
significant problems because of their health condition and without needing help from the staff 
(e.g. to push their wheelchair), this distance would be considered as affording independent 
mobility. Hence, in the context of distance, the negative affordances would be “encountering 
barriers“ or “needing help“ and the positive affordances would be “being independent“, “not 
encountering barriers“ and “not needing help“. If the distance, by only its dimension, could 
influence the level of independence of patients, that would be an important clue to consider in 
designing new rehabilitation facilities. 
4.2.4.1 GENERAL CHARACTERISTICS 
In the environment of rehabilitation clinics, long distances are especially challenging for 
patients. Patients need to attend therapies that are usually in different parts of the building 
several times per day and they experience motor and cognitive impairments and often use 
mobility aids. Another reason is that patients become exhausted after intensive sports of 
physical therapies and the long distances then become even more challenging. Table 30 
shows the comparison of the number of issues with the distance between the seven 
participating clinics and the numbers of patients that encountered a distance issue per mobility 
level. 
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    Table 30: Number of issues with distance in each clinic 
Clinic 
Number of total 
events* 
Number of patients (mobility level) 
l = 1 l = 2 l = 3 
Hessisch Oldendorf 1 1/2 0/4 0/4 
Brandis 0 0/0 0/0 0/10 
Glantal 0 0/1 0/4 0/5 
Elzach 0 0/5 0/2 0/3 
Aatal 4 1/2 1/5 0/3 
Schwarzwald 1 1/3 0/5 0/2 
Hagen - Ambrock 12 3/3 1/3 0/4 
*p = 0,037, Kruskal Wallis test, there is a statistically significant difference between clinics 
The difference in the number of events when patients had an issue because of the long 
distance between the seven clinics is statistically significant (Table 30). The large majority of 
events happened in the Hagen-Ambrock clinic, while there were three clinics where these 
events were not recorded at all. Although there were 12 events when patients had issues with 
long distances, they were all encountered by only four observed patients. Three out of these 
four patients were wheelchair users, which could be the reason why the long distances 
between spaces were challenging for them. Hagen-Ambrock is a clinic with the longest wards 
compared to other clinics and the therapy rooms are on the opposite side of the building. This 
could be a reason why the patients using wheelchair encountered issues with long distances 
in this clinic.  
4.2.4.2 DAILY DISTANCES 
Since patients need to attend therapies between three and seven times per day, the daily 
distance they cover in the clinic can be substantial. The clinic where patients need to travel 
more than 2 km each day on average is BDH-Klinik Hessisch Oldendorf (Table 31). This clinic 
is split into several separate buildings that are connected via the basement, which resulted in 
the large distances between spaces. The clinic with the second longer daily distances is 
Hagen-Ambrock, the clinic with the most issues with distance (Table 31). In this clinic, the 
wards are linear and long and the therapy areas are scattered around the building. For this 
reason, patients need to cover such long distances each day. Brandis, Glantal and Aatalklinik 
are more compact in their organisation and for that reason, the daily distances patients have 
to cover are shorter. The layout organisation and zonal segregation of the rehabilitation clinic, 
therefore, influence the distance that patients have to cover each day.  
The distances were measured from the digitalised patients’ paths that were placed on the 
clinics’ floorplans in Autodesk AutoCAD. To calculate the exact length of polyline paths in 
AutoCAD, a custom code command named “TLEN.LSP - Total LENgth of selected objects“ 
was used (Copyright: Tee Square Graphics 1998, Appendix 12: Code for calculating polyline). 
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Table 31: Average total daily distance covered per patient in each clinic 
Clinic 
Daily distance (m)  
Mean Median 
Hessisch Oldendorf 2107,98 2264,11 
Brandis 912,39 961,96 
Glantal 970,14 910,93 
Elzach 1201,86 1264,57 
Aatal 960,33 989,31 
Schwarzwald 1179,48 1158,87 
Hagen - Ambrock 1562,18 1571,70 
4.2.4.3 INFLUENCE OF LONGER DISTANCES ON ENCOUNTERING DISTANCE BARRIERS 
A large number of patients in rehabilitation clinic suffer from different post-stroke impairments 
that limit their mobility and encounter challenges when required to cover long distances each 
day. This is especially the case for patients with the lowest mobility level (using a wheelchair). 
Since some of the patients are not able to cover such distances, they usually require the staff’s 
help (to push their wheelchair). The patients that can go to therapies on their own sometimes 
encounter issues, such as not having enough strength to reach a place, needing to rest often 
and/or asking the staff for help. When the paths of all 70 patients were analysed, there were 
57 paths in total on which the patient encountered a mobility problem related to distance. A 
test Mann-Whitney Test was performed to establish whether there is a significant difference in 
the length of paths where patients had issues with long distances and where they did not have 
this kind of issues. The difference in the length of paths was found to be statistically significant.  
Table 32: Comparison of lengths of paths with and without distance issues and needing help (n = 
1322, with distance issues n = 57, with no distance issues n = 1265) 
Distance Paths with no distance issues/help vs. Paths with distance issues/helpa 
Path length (m) p < 0,001** 
** statistically highly significant difference  
a Mann-Whitney Test, comparison between lengths of paths  
This result suggests that for all patients the difference between the length of paths where they 
encountered barriers and/or needed help and where they did not encounter barriers and did 
not need help is significant. The comparison of the lengths of these two categories of paths 
shows this difference in exact dimensions for all mobility levels together (Table 33).  
Since only seven patients out of 70 had direct issues with distance, and five of them were 
wheelchair users, while two using a walker, the sample size was not large enough to test for 
the differences in path lengths with issues between the three mobility levels. 
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Table 33: Lengths of paths with and without distance issues and/or needing help 
Path length 
All mobility levels 
No issues  Issues/Help 
Mean (m) 64,26 113,59 
Median (m) 50,13 114,17 
4.2.4.4 INFLUENCE OF LONGER DISTANCES ON ENCOUNTERING ALL BARRIERS 
While the longer paths are related to the issues with distance, the long distances could 
potentially be related to other kinds of physical barriers as well. If a patient has to cover a long 
distance, this could cause exhaustion and exertion fatigue, which are common in stroke 
survivors. This could potentially lead to more issues with the built environment, such as 
challenges with wayfinding, floor surfaces or insufficient dimensions. Since long distances are 
especially common in rehabilitation clinics, it was important to determine if long distances truly 
have such an effect on encountering other physical obstacles. 
Two hypotheses were tested to verify this potential relationship. The first hypothesis tested 
whether there was a significant effect of long distance on all experienced barriers and the 
second hypothesis tested whether the mobility level affected experiencing barriers on longer 
distances. These hypotheses were tested in a specific way. All the events when patients had 
encountered a problem with a long distance were analysed further to determine whether there 
were significant differences between the three mobility levels. For every patient, every single 
path during the observation day (from a place A to a place B) was measured and it was counted 
whether the patient encountered any physical barrier and/or needed help from the staff on that 
path. There were three levels of issues that were measured: 1 = no physical barrier 
encountered and no help needed, 2 = physical barrier encountered or help from staff needed, 
3 = physical barrier encountered and help needed. These three levels signified the levels of 
dependence and the severity of the problem that the patient encountered. If the patient only 
encountered a physical barrier but was able to overcome it independently, that was classified 
as level 1, the same as if a patient asked for help before even encountering a barrier. When a 
patient encountered a barrier and needed help (usually from the staff) to overcome it, that 
event was classified as level 2. The total number of paths for all 70 observed patients was n = 
1322.  
GLM (General Linear Model) was used to test the two hypotheses. To compare the effect of 
distance on the number of encountered barriers and needing help, it was necessary to analyse 
the lengths of paths of patients that did encounter a physical barrier or need help with the 
lengths of paths where they did not encounter barriers or need help. For this reason, the GLM 
model analysed the effect of distance and mobility level only for the patients that did encounter 
and obstacle and/or needed help and not all patients were included in the analysis. The total 
number of 45 patients and their paths were included in the analysis. Other 25 patients did not 
encounter any physical barriers and/or did not need help on any of their paths during the 
observation day. 
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Null hypothesis 1: Longer paths are not related to the number of encountered barriers in the 
built environment and to needing help. 
The null hypothesis is rejected, the relationship is statistically significant (Wilks’ Lambda = 
0,379, F(2,15) = 12,271, p = 0,01). Distance has a significant effect on the number of all 
physical barriers that patients encounter in the built environment (Figure 50). When all the 
categories of physical barriers are observed, the larger distance means that the patients 
encountered more barriers or needed more help. 
Null hypothesis 2: Mobility level is not related to the number of encountered barriers in the 
built environment and to needing help on longer distances. 
Failed to reject the null hypothesis, the relationship is not statistically significant (Wilks’ 
Lambda = 0,723, F (4,30) = 1,319, p = 0,286). Patients’ mobility level, therefore, has no 
significant effect on experiencing physical barriers and on needing help on longer distances 
(Figure 50). Increasing distance will increase the number of issues in the built environment for 
all patients, with no significant difference between mobility levels. 
 
Figure 50: Effect of long distance and mobility level on encountering barriers and/or needing help 
This result is important because it demonstrates that the long distances in rehabilitation clinics 
have a significant influence on the number of all physical barriers that patients encounter in 
the built environment. With the increased distance between spaces comes the increased 
probability that a patient will encounter a physical barrier or need help from the staff to reach 
a certain space, regardless of the mobility level. Although the General Linear Model had shown 
that the mobility level has no significant effect on the number of barriers on longer distances, 
not all the patients were included in this analysis (45 out of 70). For this reason, the mobility 
levels were compared further to determine whether there were any significant differences in 
distances where they encounter physical barriers or need help (Table 34).  
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Table 34: Comparison of numbers of encountered barriers for each mobility level (n = 163) 
Parameter 
Mobility levela 
Significanceb 
l = 1 vs. l = 2 l = 2 vs. l = 3 l = 1 vs. l = 3 
Encountered a barrier 
(n = 74) 
  p = 0,010* p= 0,095 p = 0,413  p = 0,029* 
Needed help  
(n = 68) 
p = 0,816 p = 0,161 p = 0,060 p = 0,161 
Barrier + Help  
(n = 21) 
p = 0,284 p = 0,222 p = 0,721 p = 0,350 
* statistically significant difference among mobility levels 
a Mann-Whitney Test, comparison between two mobility level groups at a time 
b Kruskal-Wallis Test, comparison among all three mobility level groups 
The three parameters were compared for each mobility level: paths where patients 
encountered a barrier (74 paths), needed help (68 paths) or both (21 paths). There is a 
significant difference in the length of paths where patients encountered a barrier (p = 0,029). 
When the mobility level groups are compared against each other, the significant difference is 
found only between levels 1 (wheelchair) and 2 (walker). The result indicates that the patients 
using wheelchair had encountered barriers on shorter distances than patients using a walker, 
which could be explained by their lower mobility level and more post-stroke impairments. It is 
not clear why the difference in lengths of paths between levels 1 (wheelchair) and 3 
(independent walking) is not statistically significant. This indicates that patients using a 
wheelchair and patients that can walk encountered barriers on similar lengths of paths. 
Although the difference between mobility levels is not significant, it is crucial to note the 
numbers of paths where patients encountered a barrier, needed help or both for each mobility 
level (Table 35). 
Table 35:Comparison of numbers of encountered barriers for each mobility level (n = 163) 
Parameter 
Mobility level (n) 
l = 1 l = 2 l = 3 
Encountered a barrier 36 21 17 
Needed help 37 17 14 
Barrier + Help 8 5 8 
Total number of paths 81 43 39 
Patients with the lowest mobility level (level 1) had almost the double number of paths where 
they encountered a barrier, needed help or both compared to the other two mobility levels. 
Although there is no significant difference between the length of paths between all mobility 
levels, there is a large difference in the total number of events when patients encountered a 
barrier and/or needed help. Patients using a wheelchair were the ones that encountered 
barriers or needed help most frequently compared to other mobility levels. This result was 
expected since the patients using a wheelchair are in the worst health condition and have the 
lowest mobility level. The mean and median lengths of paths where patients in each mobility 
level encountered barriers and/or needed help were presented in Table 36. There are certain 
non- significant (p = 0,343, Kruskal-Wallis test) differences in the lengths of paths between the 
three mobility levels. The patients in level 1 (wheelchair) encountered barriers /needed help 
on shorter distances than the other two patient groups. Although the patients in level 3 are the 
RESULTS: ARCHITECTURAL BARRIERS TO MOBILITY | 141 
 
most mobile, the paths where they encountered barriers/needed help are shorter compared to 
the patients in level 2. 
Table 36: Lengths of paths with encountered barriers and/or needing help (n = 163) 
Path length  
Mobility level  
l = 1 l = 2 l = 3 
Mean (m) 105,29 121,82 109,90 
Median (m) 89,90 118,43 108,56 
Since no significant difference in the length of paths where patients with different mobility levels 
encountered barriers and/or needed help was found, a general conclusion could not be made 
on the lengths of paths where each mobility level would encounter barriers and/or need help. 
There are some indications that patients using a wheelchair encountered more barriers on 
shorter distances compared to the other two levels, but this difference was determined non-
significant. Consequently, the analysis distance was extended to the lengths of paths where 
patients encountered no barriers in the built environment and needed no help. The goal of this 
further investigation was to determine if there were any differences in the lengths of paths 
without any issues between the three mobility levels. This comparison was important to identify 
if all the patients could travel similar distances within the building without encountering any 
other barriers. The difference in length of paths with no encountered barriers and no help for 
three mobility levels was found statistically highly significant (Table 37). The number of total 
paths without barriers and needing help for all patients was n = 1156. 
Table 37: Comparison of lengths of paths without encountered barriers and/or needing help (n=1156) 
Distance 
Mobility levela 
Significanceb 
l = 1 vs. l = 2 l = 2 vs. l = 3 l = 1 vs. l = 3 
Path length (m) p = 0,003** p= 0,952 p = 0,001** p = 0,003** 
** statistically highly significant difference among mobility levels 
a Mann-Whitney Test, comparison between two mobility level groups at a time 
b Kruskal-Wallis Test, comparison among all three mobility level groups 
There is no significant difference between the levels 2 (walker) and 3 (independent walking), 
which could be explained by a smaller difference in mobility level since both of these groups 
are able to walk, one with and the other without the use of mobility aids. Patients in that are 
using a wheelchair (level 1) did not encounter barriers and did not need help on significantly 
shorter distances compared to the patients using a walker and patients that can walk 
independently. The comparison of the length of paths shows the largest difference between 
the levels 1 and 3 (Table 38). 
Table 38: Lengths of paths without encountered barriers and/or needing help (n = 1156) 
Path length  
Mobility level  
l = 1 l = 2 l = 3 
Mean (m) 50,67 58,36 64,06 
Median (m) 37,45 51,65 47,50 
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On average, the difference in the length of paths where patients in wheelchair and patients 
that could walk had no issues in the built environment was around 14 m (10 m median). 
Therefore, patients that are using a wheelchair to move within the building can cover shorter 
distances independently and without encountering any barriers compared to the patients that 
can walk without the mobility aids.  
When Tables 36 and 38 are compared, there seemed to be a difference between the lengths 
of paths where patients encountered barriers and/or needed help and the lengths of paths 
where patients encountered no barriers and needed no help. The paths where patients did not 
encounter any barriers and did not need help were much shorter than the ones with barriers 
and/or help. All lengths of patients’ paths were compared to identify whether the difference in 
length was significant (n = 1322). This difference in the path lengths was determined to be 
statistically highly significant (Table 39).  
Table 39: Comparison of lengths of paths with and without encountered barriers and/or needing help 
(n = 1322) 
Distance 
Paths with no issues vs. Paths where patients encountered a barrier/needed 
helpa 
Path length (m) p < 0,001** 
** statistically highly significant difference  
a Mann-Whitney Test, comparison between  
This result means that for all patients the difference between the length of paths where they 
encountered barriers and/or needed help and where they did not encounter barriers and did 
not need help is significant. The comparison of the lengths of these two categories of paths 
shows this difference in exact dimensions for all mobility levels together (Table 40).  
Table 40: Lengths of paths with and without encountered barriers and/or needing help 
Path length 
All mobility levels 
No issues Issues/Help 
Mean (m) 60,03 110,39 
Median (m) 47,19 108,14 
Patients encounter physical barriers and need help more often on distances that are above 
110 m on average. Distances that are on average around 60 m (median 47,19 m) in length are 
less challenging for patients to cover independently and with no physical barriers. It is also 
important to note that patients using a wheelchair can potentially be independent enough to 
cover distances that are under 50,67 m (median 37,45 m). This is a significant finding since 
many rehabilitation clinics employ a transfer service to bring patients in a wheelchair to 
therapies and back since the distances are too long. Another way to solve this issue and to 
allow the patients in a wheelchair to be more independent could be planning shorter distances 
between their rooms and therapy and dining spaces, so that they can reach them without 
needing help. 
Distance between spaces has a significant influence on the experience of the built environment 
for all mobility levels. When the distances are longer, there is a higher possibility that patients 
will encounter a physical barrier and/or need help from the staff. Although the mobility level 
has no significant effect on the length of paths where patients encounter barriers and/or need 
help, the patients that are using a wheelchair encounter barriers and need help more often 
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than patients in two other mobility levels. There is also a significant difference in the length of 
paths for patients using a walker and wheelchair where they encountered physical barriers. All 
these differences could potentially be taken into account when designing a new building of the 
rehabilitation clinics, by placing patients’ rooms in relation to therapy according to their mobility 
levels. 
4.2.4.5 ANALYSIS OF INDIVIDUAL CASES 
Although it was determined that distance has a significant effect on encountering other barriers 
and needing help, as well as that the patients in a wheelchair are the most susceptible to long 
distances, these results don’t depict the way patients experience long distances in their daily 
life in the clinics. To understand the spatial needs of patients in terms of distance, it is 
necessary to look at their real-life spatial experiences, the ways they use space and where 
and how they encounter mobility issues. For this reason, certain patient paths were examined 
further to illustrate the way patients use space. The three chosen cases from three different 
clinics illustrate how patients interact with different kinds of distances and how other barriers 
are sometimes intertwined and influencing each other. 
 
Case 1: Female patient, wheelchair user, Aatalklinik 
Destination: therapy room to patient room 
Length of stay before observation: 24 days 
Distance covered: 78,03 m 
 
Figure 51: Patient’s path from the therapy room to her room 
Mobility issues that this patient encountered on the way to her room were primarily connected 
to distance. Although significantly shorter than the distance that the patient in Hessisch 
Oldendorf (Case 3) had to cover, the distance of 78,03 m was challenging for this patient after 
physical therapy. The patient had to stop and rest several times, or to use the handrail on the 
wall to pull herself forward because she was not able to roll the wheelchair. This patient had 5 
therapies on the day of the observation and covered 402,93 m in total, every time going through 
the same therapy corridor and showing similar mobility pattern. 
This particular case is problematic since it happened in the therapy corridor whose width was 
reduced to only 160 cm by the addition of waiting chairs. During the time that this patient spent 
moving in the corridor, other patients in a wheelchair were not able to pass and reach therapy 
144  
rooms. Although the patient was able to reach her room independently, the challenge to do so 
was significant and this process also disturbed the functioning of all patients with lower mobility 
level using this corridor. In this case, the distance and dimension issues simultaneously 
created a mobility barrier, not only for this particular patient but also for all patients attending 
therapies or finishing therapies at that time. 
 
Case 2: Male patient, wheelchair user, HELIOS Klinik Hagen Ambrock 
Destination: patient room to the therapy room 
Length of stay before observation: 21 days 
Distance covered: 89,91 m 
 
Figure 52: Patient’s path from room to the therapy room 
The patient experienced several types of mobility issues on the way to therapy. The first issue 
was hitting the medical equipment left in the corridor. This equipment was there during all two 
weeks of observations, so it might be a permanent issue in this ward. Another mobility barrier 
that the patient encountered was the potentially combined effect of long distance and 
unsuitable floor surface on the ward. The patient had to cover 89,91 m to reach the therapy 
area and had to stop and rest three times along the way. The patient himself gave an important 
remark about the floor surface, he pointed out that it was difficult for him to roll the wheelchair 
on the carpet floor. Carpet surface combined with the long distance to therapy caused 
significant mobility issues for this patient.  
This clinic is characteristic for having therapies in different parts of the building and on different 
floors, but most of them have to be reached via the central elevator. To reach this elevator, the 
patient has to travel every time through the ward covered with carpet flooring. This patient had 
three therapies on the observation day and covered 1267,61 m in total. 
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Case 3: Male patient, wheelchair user, BDH-Klinik Hessisch Oldendorf 
Destination: therapy room to patient room 
Length of stay before observation: 35 days 
Distance covered: 216,37 m 
 
Figure 53: Patient’s path from the therapy room to his room 
There are several mobility issues that this patient encountered on the way to his room. The 
path that he covered was 216,37 m long and spread over three building levels, which is 
significantly long for a patient in a wheelchair. This was also the shortest path from this therapy 
room to his room, so the patient had to go this way. Patients after physical therapy can 
experience exhaustion, which can reduce their mobility potential and make this kind of 
distances especially challenging, even for an experienced wheelchair user.  
The observed patient first had a wayfinding issue, choosing to go to the wrong corridor when 
he exited the elevator. After he was back on the right path, the patient experienced exhaustion 
and was not able to roll his wheelchair anymore. The researcher was asked to help and push 
his wheelchair until the elevator, after which he continued to move independently. After a 
relatively short distance, the patient lost control of his wheelchair and started hitting the 
furniture that was on the left side of the corridor.  
Considering that patients with different mobility levels are mixed in the wards and that they all 
need to cover similar distances when going to therapies, patients using the wheelchair usually 
encounter the most challenges. This patient had to visit 5 therapies and covered 1562,57 m in 
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total on the day of the observation. This is a significant distance travelled for a wheelchair user 
with hemiplegia on the left side of his body. Covering such long distances without supervision, 
especially being exhausted after therapies, could be potentially dangerous for the patient and 
increase the risk of falls and injury.  
4.2.4.6 PATIENTS’ RESPONSES 
Nine patients reported issues with distance in their questionnaires, each with a short remark 
on their experiences (Table 41). The majority of patients that reported problems with long 
distances in their questionnaires were wheelchair or walker users. Only one patient that could 
walk independently reported that the paths to reach therapy were often too long. It was 
expected that the patients most affected by the long distances would be the ones with the 
lower mobility levels.  
Table 41: Patients‘ comments on distance issues (originally in the German language) 
Gender Clinic 
Mobility 
level 
Patient’s remarks 
Female 
Hessisch 
Oldendorf 
1 
 “You have to plan enough time to reach the 
therapies.” 
Female Aatalklinik 1 
“Long corridors, I am still weak and slow when 
driving the wheelchair.” 
Male Aatalklinik 1 “Long ways.” 
Male Schwarzwaldklinik 2 “Too long paths, not clear.” 
Female Schwarzwaldklinik 1 
“Long distances between therapies have to 
be covered.” 
Male Schwarzwaldklinik 2 “Therapies need to be more centralized.” 
Female Hagen-Ambrock 2 “Very long paths, hard to read.” 
Female Hagen-Ambrock 3 “Often long paths to the therapies.” 
Female Hagen-Ambrock 2 
“Distances too large with a walker, not 
enough seating opportunities to take a 
break.” 
Most patients commented on the long paths between spaces, especially to therapies. This is 
understandable since patients need to go to therapies several times per day each day. One 
patient from Hagen-Ambrock clinic pointed out that there were no enough opportunities to sit 
down and take a break. One patient from Schwarzwaldklinik remarked that therapies needed 
to be more centralized, implying that the reason for long distances was the placement of 
therapy rooms in different parts of the clinic. Another issue that emerged from the patients’ 
questionnaires was that the long paths were hard to read and not clear. This could also be 
connected to challenging wayfinding in the building. Therefore, the long distances together 
with the unclear arrangement of corridors create significant issues for patients. 
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4.2.4.7 SUMMARY AND CONCLUSION 
Both shadowing data and patient questionnaires show that patients in rehabilitation clinics 
need to cover long distances each day and that these long distances are related to different 
kinds of mobility issues. Long distances between spaces are a notable issue in many 
healthcare facilities and this study offers an insight into the effects of distance on the patients’ 
experience of barriers. The lack of knowledge on the distances that patients can potentially 
cover without encountering issues was addressed by investigating the exact length of paths 
with and without mobility issues and needing help and their comparison between the three 
mobility levels. The new knowledge that was generated through this investigation could be 
summarized in five major points: 
Long distances are related to distance issues 
Longer distances lead to more distance issues and to patients being more dependent on the 
staff members (needing help). The average distance that patients could potentially cover 
without needing any help and without encountering issues with distance is around 64 m. The 
average length of paths where patients had distance issues or needed help was around 113 
m.  
Long distances are related to encountering other barriers 
Longer paths are also significantly related to encountering all other barriers in the built 
environment. The barriers are sometimes intertwined and influence each other, which was 
specifically found in the case of long distances. 
Patients using a wheelchair are more vulnerable to longer distances 
Patients with the lowest mobility level (level 1) had almost the double number of paths where 
they encountered a barrier, needed help or both on longer distances compared to the other 
two mobility levels. 
Distances under 50 m are most suitable for wheelchair users 
The average length of paths with no encountered barriers and no help was significantly 
different for the three mobility levels: l1 = 50,67 m, l2 = 58,36 m and l3 = 64,06 m. Mobile 
patients in a wheelchair can potentially cover average distances of around 50 m without 
encountering any issues and without needing help.  
Average lengths of paths with and without encountered barriers 
When all patient paths are compared without separation into mobility levels, the average length 
of paths without any barriers or needed help was around 60 m, and the average length of paths 
with encountered barriers and/or needing help was around 110 m.  
Although the usual goal is to design for positive affordances and avoid the negative ones, the 
distance might be an exception in certain cases. Sometimes the longer distances, although 
affording the opportunity for encountering more barriers in the built environment, could also 
afford mobility. This is especially the case for patients that are in the later rehabilitation stages 
and able to walk independently. It is considered by staff members that longer distances can 
be a good mobility and wayfinding training for the patients, to prepare them for going home 
and functioning in the built environment. Although long distances could be a good training 
strategy, there offer more disadvantages than benefits for patients with lower mobility level 
after a certain limit. The ways to address this dual nature of distance as a barrier category were 
explored in Chapter 6. 
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4.2.5 Flooring 
4.2.5.1 GENERAL CHARACTERISTICS 
Floor surfaces are an important part of healthcare facility design. They are surfaces that 
patients, staff members and all other users are walking on, rolling their wheelchairs or walkers, 
rolling the patient beds, different medical equipment, meal delivery carts, etc. For this reason, 
they need to satisfy the needs of all the users of the healthcare facility and to support their 
mobility. The most common floor surfaces used in healthcare facility corridors are rubber, VCT, 
solid/sheet vinyl, linoleum and polyolefin. In the participating rehabilitation clinic, the main 
materials used for flooring were VCT and linoleum, with some corridors having carpet flooring. 
Floor surfaces, and especially floor inclinations, are also an important part of building 
regulations. The maximum recommended inclination of ramps for wheelchair users is 6% (DIN 
18040). 
    Table 42: Number of issues with floor surfaces in each clinic 
Clinic 
Number of total 
events 
Number of patients (mobility level) 
l = 1 l = 2 l = 3 
Hessisch Oldendorf 4 2/2 0/4 0/4 
Brandis 0 0/0 0/0 0/10 
Glantal 0 0/1 0/4 0/5 
Elzach 3 2/5 0/2 0/3 
Aatal 2 1/2 0/5 0/3 
Schwarzwald 0 0/3 0/5 0/2 
Hagen - Ambrock 4 2/3 0/3 0/4 
*p = 0,367, Kruskal Wallis test, there is no statistically significant difference among clinics 
There was no statistically significant difference in the number of floor issues observed between 
the seven participating clinics. 
4.2.5.2 1.4.2 ANALYSIS OF INDIVIDUAL CASES 
All cases when patients encountered a mobility issue connected to the floor are presented, 
together with the architectural elements that were experienced as a barrier to mobility (Table 
42).  
All observed issues with floor surfaces were experienced by wheelchair users (mobility level 
1). Since wheelchair users are the group with limited mobility, it is clear why they would be the 
most vulnerable to the challenging floor surfaces and slopes. The main issues that were 
identified in the seven participating clinics were ramps, floor slopes and carpet flooring. 
Although none of the ramps and slopes was above the recommended 6% incline (DIN 18040), 
they were still challenging for patients. The common strategy that was often seen was going 
turning and rolling the wheelchair backwards on the slope. Going backwards was reported as 
less challenging for going up a ramp or a slope. Another strategy employed by patients was to 
ask a member of the medical staff to push them up the ramp/slope (Table 43) 
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     Table 43: All observed cases of floor issues 
Clinic 
Mobility 
level 
Cases Description 
Problematic 
architectural 
feature 
Hessisch 
Oldendorf 
   
 
Patient 1 l = 1 
Case 1 
There is a water drainage grate on 
the way to the smoking pavilion, the 
patient stumbles with the wheelchair. 
outdoor water 
drainage 
grate 
Case 2 
The patient turns around and rolls the 
wheelchair backwards up the slope 
leading to the building entrance. 
floor slope at 
the entrance 
Case 3 
The ramp at the cafeteria door is too 
steep for the patient, she asks a 
nurse to push her up. 
ramp at the 
cafeteria 
entrance 
Patient 2 l = 1 Case 1 
The patient loses control of the 
wheelchair on a floor slope and hits 
the door on the right. 
floor slope 
BDH-Klinik 
Elzach 
   
 
Patient 3 l = 1 
Case 1 
The patient has difficulties to control 
the wheelchair on a floor slope. 
floor slope 
Case 2 
The patient is not able to go up a floor 
slope, a staff member pushes him up. 
floor slope 
Patient 4 l = 1 Case 1 
The patient turns to go backwards, 
says that it is easier to roll the 
wheelchair this way.  
flooring 
causing 
friction 
Aatalklinik     
Patient 5 l = 1 
Case 1 
The patient turns and rolls the 
wheelchair backwards on the carpet 
flooring. 
carpet flooring 
Case 2 
The patient rolls the wheelchair 
backwards on the carpet flooring. 
carpet flooring 
Hagen-
Ambrock 
 
   
Patient 6 l = 1 Case 1 
The patient turns and rolls the 
wheelchair backwards on the carpet 
flooring, says that it is easier if he has 
to go far. 
carpet flooring 
Patient 7 l = 1 
Case 1 
The patient stops to rest because it is 
challenging to roll the wheelchair on a 
carpet. 
carpet flooring 
Case 2 
The patient turns and rolls the 
wheelchair backwards on the carpet 
flooring. 
carpet flooring 
Case 3 
The patient stops to rest because if it 
challenging to roll the wheelchair on a 
carpet. 
carpet flooring 
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All observed issues with floor surfaces were experienced by 
wheelchair users (mobility level 1). Since wheelchair users are the 
group with limited mobility, it is clear why they would be the most 
vulnerable to the challenging floor surfaces and slopes. The main 
issues that were identified in the seven participating clinics were 
ramps, floor slopes and carpet flooring. Although none of the ramps 
and slopes was above the recommended 6% incline (DIN 18040), 
they were still challenging for patients. The common strategy that was 
often seen was going turning and rolling the wheelchair backwards 
on the slope. Going backwards was reported as less challenging for 
going up a ramp or a slope. Another strategy employed by patients 
was to ask a member of the medical staff to push them up the 
ramp/slope (Table 44).  
Another common issue was the carpet flooring. It is not clear why the 
carpet was used as a floor covering in some clinics since this material 
is not hygienic for healthcare facilities. Except being the unhygienic 
surface, it also creates a significant mobility challenge for wheelchair 
users. Carpets are floor coverings that create friction between the 
wheelchair wheels and the floor surface. This friction is a challenge 
that is difficult to overcome for wheelchair users, especially the ones 
suffering from hemiplegia. There were two common strategies that 
some patients developed to overcome this issue observed in the 
participating clinics to turn around and roll the wheelchair backwards 
or to take a longer path to avoid the area with the carpet flooring 
(Table 44). 
 
 
Table 44: Summary of patients’ strategies when encountering floor issues 
Problematic 
architectural 
features 
Patients’ strategies 
Slopes / 
ramps 
1. Turning around and rolling the wheelchair backwards. 
2. Asking a staff member to push them up the ramp/slope. 
Carpet 
flooring 
1. Turning around and rolling the wheelchair backwards. 
2. Avoiding the corridors with carpet flooring. 
The observed strategies that patients develop to deal with the issues with different floor 
surfaces could potentially cause more issues for patients. The most common solution for both 
the slopes/ramps and carpet flooring was to roll the wheelchair backwards. This is a potentially 
dangerous situation since it is more challenging to control the wheelchair in this way. The 
patient going backwards is not able to steer the directions properly and is at greater risk of 
hitting objects on the sides of the corridor or other patients. Since the patient is going 
backwards, there is not enough visual contact with other patients and staff members that are 
coming behind their back. Another strategy that patients develop when they are not able to 
climb up the ramp or slope is to ask a staff member to push them. This practice disturbs the 
schedule and working pattern of the staff members that need to help the patient. When patients 
are tired and not able to roll the wheelchair on the carpet flooring, they also tend to avoid those 
Patient 6, case 1  
Patient 1, case 3  
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corridors, when possible. This can create other issues, such as long distances and being late 
for therapies. 
An additional issue with the floor surfaces that was noticed during the observation days was 
the reflective floor surfaces. This was a common issue noticed in several rehabilitation clinics. 
The floors were covered with the type of linoleum that reflected the natural light that was 
coming through the windows. This kinds of shiny surfaces could potentially be problematic for 
patients with impaired vision, which is a common issue for stroke patients. These reflections 
create a high contrast between the floor surface and the light reflection, giving an illusion of 
some kind of obstacle or spilt water on the floor. 
          
Figure 54: Reflective floor surfaces in the participating clinics: from left to right Schwarzwaldklinik, BDH-
Klinik Elzach, HELIOS Klinik Hagen Ambrock, Fachklinikum Brandis ( taken by the author) 
4.2.5.3 PATIENTS’ RESPONSES 
Only five patients reported issues with floor surfaces in their questionnaires. Contrary to 
shadowing, where all patients that were observed to encounter a floor barrier were wheelchair 
users, only two wheelchair users reported issues with floor surfaces in their questionnaires. 
Another three patients that reported floor surface as a barrier were one walker user and two 
patients that can independently walk.  
The main issues that patients reported were similar to the ones identified from shadowing data: 
slopes, ramps and carpet flooring (Table 45). Two patients also reported bumps and 
unevenness of the floor, especially in the outdoor area and one patient reported uneven floor 
tiles. A patient from Schwarzwaldklinik that is a wheelchair user pointed out that the connecting 
corridor between two clinics (therapy area) is a slope and that a wheelchair user cannot 
overcome it without some kind of help. This is a significant problem since patients have to go 
over this ramp at least once per day for a specific sports therapy.  
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Table 45: Patients‘ comments on floor issues (originally in German language) 
Gender Clinic 
Mobility 
level 
Patient’s remarks 
Female 
Hessisch 
Oldendorf 
1 
 “Slopes in the outside terrain make it difficult 
to move. Bumps in the floor at the kiosk.” 
Male 
Hessisch 
Oldendorf 
3 “Bumps in the floor.” 
Female Aatalklinik 3 
“Uneven floor tiles, carpet flooring stops 
movement.” 
Female Schwarzwaldklinik 1 
“There is a connecting corridor that is a 
slope. This can‘t be handled alone using a 
wheelchair.” 
Male Schwarzwaldklinik 2 “Slope to the other clinic.” 
4.2.5.4 CONCLUSION 
Floor surfaces are important factors in patients’ mobility since unsuitable floor surface or too 
steep floor slopes can limit patients’ mobility and make them dependent on staff members for 
moving within the clinic. Shadowing data and questionnaire responses both point to similar 
issues with floor and floor surfaces. The main areas that posed significant barriers for patients 
were: 
1. Slopes and ramps 
All the slopes and ramps in the observed clinics complied with the recommended maximum of 
6% inclination and with the recommended dimensions, they still posed a significant barrier for 
stroke patients. 
2. Carpet flooring 
Carpet flooring creates another significant challenge, both for wheelchair and walker users, by 
creating friction that requires more force to be applied from the patient’s side. The possible 
reasons could be that patients in rehabilitation are still getting used to a wheelchair and they 
also often suffer from hemiparesis or hemiplegia, which restrict their mobility. For this reason, 
even the slightest incline in the floor or the flooring that creates too much resistance can cause 
significant mobility issues for patients and affords non-mobility.  
Although patients sometimes find certain ways to overcome the existing barriers in the form of 
floor surfaces, their strategies can potentially be dangerous for themselves and other patients. 
For this reason, the patients should not need to come up with strategies to deal with this kind 
of barriers, at least in the early stages of rehabilitation. To promote independent mobility, these 
barriers should not be a part of the rehabilitation clinic design. The clinics where the ramps 
and slopes were common issues were not built as one unit from the beginning but resulted 
from annexes and renovations. When adding new units to the existing buildings, sometimes 
the slopes were the only way to connect the floor levels of the two buildings because of the 
challenging terrain. Since renovations and addition of annexes are a common practice in 
healthcare facilities, the potential issues arising from connecting the new parts to the old 
buildings should be taken into the account. The possible solutions for the identified floor issues 
were developed in Chapter 6. 
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4.2.6 Physical obstacles 
4.2.6.1 GENERAL CHARACTERISTICS 
Physical obstacles were defined as objects that patients encounter on the way that limit their 
mobility. These objects can be permanent structures or furniture installed in the corridors or 
temporary objects such as mobility aids or meal delivery carts. Both permanent and temporary 
physical obstacles can reduce the possibility for patients to be independently mobile and can 
even be dangerous in certain cases. Therefore, physical obstacles are a significant category 
of mobility barriers that can potentially be influenced by suitable planning.  
As previously discussed in dimension category analysis, the categories of physical obstacles 
and dimension issues can often be intertwined. The physical objects added to the corridors 
can reduce the width of corridors that patients have to go through, creating dimension issues. 
At the same time, the corridors whose dimensions are not planned for the addition of certain 
objects (such as necessary waiting chairs) can make these objects to be physical obstacles 
for patients. Thus, these two categories can sometimes work simultaneously as a mobility 
barrier, but only in the case of different temporary or permanent objects in the corridors. 
Besides objects in the corridors, there are other types of physical obstacles that patients can 
encounter on their way through the clinics’ corridors. 
    Table 46: Number of issues with physical obstacles in each clinic 
Clinic 
Number of total 
events* 
Number of patients (mobility level) 
l = 1 l = 2 l = 3 
Hessisch Oldendorf 2 1/2 1/4 0/4 
Brandis 0 0/0 0/0 0/10 
Glantal 0 0/1 0/4 0/5 
Elzach 3 1/5 1/2 0/3 
Aatal 3 0/2 2/5 1/3 
Schwarzwald 0 0/3 0/5 0/2 
Hagen - Ambrock 4 1/3 1/3 1/4 
*p = 0,154, Kruskal Wallis test, there is no statistically significant difference among clinics 
There was no statistically significant difference found in the number of observed issues with 
physical obstacles between the seven participating clinics. 
4.2.6.2 ANALYSIS OF INDIVIDUAL CASES 
All cases when patients encountered a mobility issue connected to physical obstacles are 
presented, together with the architectural elements that were experienced as a barrier to 
mobility (Table 47). Ten different patients in four clinics encountered a barrier in the form of 
physical obstacles.  
Main issues connected to physical obstacles that were observed in the participating clinics 
were related to various objects (permanent and non-permanent) in the corridors and different 
kinds of doors. 
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     Table 47: All observed cases of issues with physical obstacles 
Clinic 
Mobility 
level 
Cases Description 
Problematic 
element 
Hessisch 
Oldendorf 
   
 
Patient 1 l = 1 Case 1 
Patient hits chairs on the left side of 
the corridor with the wheelchair. 
seating furniture 
Patient 2 l = 2 Case 1 Patient is not able to open the door. 
door in the 
corridor 
BDH-Klinik 
Elzach 
   
 
Patient 3 l = 2 Case 1 
Patient hits a bed in the corridor 
with the wheelchair. 
 equipment 
(patient bed) 
Patient 4 l = 1 
Case 1 
Patient is repeatedly hitting the 
equipment in the corridor with the 
wheelchair. 
equipment 
Case 2 
Patient always hits doors of his 
room with the wheelchair. 
room door 
Aatalklinik     
Patient 5 l = 2 Case 1 
Patient has difficulties with opening 
the door on the way. 
door in the 
corridor 
Patient 6 l = 2 Case 1 
Patient hits the waiting chairs on 
the right in the therapy corridor. 
waiting chairs 
Patient 7 l = 3 Case 1 
Patient has difficulties with opening 
the door on the way. 
door in the 
corridor 
Hagen-
Ambrock 
 
  
 
Patient 8 l = 3 Case 1 
Patient has difficulties with opening 
a door on the way.  
door in the 
corridor 
Patient 9 l = 2 Case 1 
Patient cannot go out of the 
elevator because of the meal 
delivery cart on the way, the 
elevator starts closing. 
meal delivery 
cart 
Patient 10 l = 1 
Case 1 
Patient hits the equipment on the 
side of the corridor with the 
wheelchair. 
equipment 
Case 2 
There is a ramp, it is hard to open 
the door in the wheelchair (not 
automatic). 
door to outside 
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Patients with wheelchairs and walkers had difficulties with 
medical equipment, patient beds or furniture, such as waiting 
chairs or seating area furniture in the corridors. These patients 
did not have enough control over their mobility aids and hit the 
wheelchair or a walker on these objects in the corridors. This 
could potentially be a dangerous situation that could lead to 
patient falls or injury. Another common issue was connected to 
doors that were too heavy for patients to open. The doors in the 
corridors that patients had to open to reach the therapy rooms 
are the most problematic since patients had to pass through 
this corridor to arrive to the therapy area. Another patient from 
Hagen - Ambrock clinic was not able to open the door to go 
outside to the smoking area because the door was on a slope 
and he was a wheelchair user, not being able to go up the slope and also push the heavy door 
at the same time. A meal delivery cart was also a significant barrier for one patient, she was 
not able to go out of the elevator because the cart was in the way.  
Storing the unused equipment in the corridors is common practice in rehabilitation clinics and 
all kinds of healthcare buildings. Usually, the lack of storage space and the proximity of the 
corridor to the patient rooms are reasons for storing the equipment in the corridors. This 
practice leads to the decreased corridor width and barriers to the mobility of patients using 
mobility aids, affording patients’ non-mobility. The most equipment is needed in the wards 
where there are the patients in the earliest rehabilitation stages and with the lowest mobility 
level. They require equipment for transferring from bed to wheelchair, additional wheelchairs 
and other similar devices. Since this equipment is usually stored in the corridors, it makes them 
too narrow for two wheelchair users to pass each other, limiting patients’ mobility (Figure 55). 
Less equipment is necessary for the wards with patients in advanced rehabilitation stage, so 
they are usually able to use the full width of the corridors. Therefore, the patients that need 
more space for mobility (wheelchair users) have less space on their wards because of the 
medical equipment in the corridors and patients that can walk independently have more than 
enough space to walk through the corridors.  
       
Figure 55: Physical obstacles in corridors (from left to right: Hagen-Ambrock, BDH-Klinik 
Elzach, Schwarzwaldklinik (taken by the author) 
Another common issue was the existence of heavy doors separating the corridor into two parts. 
This was usually the case on the basement level, and the doors were necessary because of 
fire safety regulations. The existence of heavy doors that some patients (depending on the 
ward) had to go through to reach the therapy area posed a significant challenge for wheelchair 
Patient 1, case 1  
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and walker users. The patients using a walker had difficulties to open and hold the heavy door 
with the walker in front of them and the wheelchair users had difficulties with rolling the 
wheelchair and holding the door at the same time. In the case 1 of patient 8 (Table 47), the 
door could be opened automatically with the button on the side, but the patient did not notice 
the button and was trying to open the door manually. The majority of patients were observed 
to open this door manually and not using the button to open it. 
4.2.6.3 PATIENTS’ RESPONSES 
There were only four patients that reported the issues with physical obstacles in their 
questionnaire responses. The main physical obstacles they reported were equipment/stuff in 
the corridors, exit door to the garden and the floor mats at the main entrance (Table 48). Except 
for the mat, the other responses are similar to the findings from the shadowing data, where 
unsuitable doors and equipment left in the corridors stand out as main physical obstacles for 
patients’ mobility. 
Table 48: Patients‘ comments on issues with physical obstacles (originally in the German language) 
Gender Clinic 
Mobility 
level 
Patient’s remarks 
Female Glantalklinik 3  “There is too much stuff in the hallways.” 
Male Aatalklinik 3 “Mats in the entrance area (main entrance).” 
Female Schwarzwaldklinik 2 
“Exit to the garden (door) not suitable for a 
disabled person.” 
Male Hagen-Ambrock 1 “Equipment that is left in the hallway!” 
4.2.6.4 CONCLUSION 
Physical obstacles can be a significant mobility barrier for stroke patients, especially the 
patients using a wheelchair or a walker to move around. The main physical obstacles identified 
from shadowing data and patient questionnaires were: 
1. Temporary or permanent objects in the corridors  
There is a significant issue with the lack of storage space in most healthcare facilities as well 
as with the habits of staff members to leave the equipment in the corridors. This is also the 
case in rehabilitation clinics. Although this equipment is not fixed in the corridor and can be 
moved if necessary, the general trend of always leaving the equipment in the corridors was 
observed in all participating clinics. Another problematic practice is the addition of waiting 
chairs in the corridors whose width is not sufficient, which leads to mobility barriers for patients. 
Being that permanent or temporary objects added to the corridors, they need to be planned for 
and not added afterwards to reduce the width of corridors and limit patients’ mobility 
2. Non-automatic and heavy doors 
Non-automatic doors, and especially heavy doors, are a challenge for all groups of patients. 
Since stroke patients usually suffer from different motor impairments, most commonly 
hemiparesis or hemiplegia, they usually require more effort to open these doors. If the patients 
are using a wheelchair or a walker, these mobility aids make it even more challenging to open 
and hold the heavy doors while passing through. Although such doors might be necessary 
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between certain building parts to satisfy the fire safety regulations, they would not pose such 
significant barriers if they were automatic doors with a well-marked button for opening.  
The possible solutions for the identified physical obstacles were developed in Chapter 6. 
4.3 Chapter conclusion 
This chapter examined the most frequently observed barriers to the mobility of stroke patients 
in rehabilitation clinics: wayfinding, dimensions, distance, floor and physical obstacles. 
Identifying and examining physical barriers to the mobility of stroke patients was important to 
highlight the spatial features that afford significant mobility limitations (or “non-mobility“) and 
could be considered as negative affordances that should be avoided in the design of 
rehabilitation clinics.  
The individual analysis of each of the five main identified barriers revealed that the built 
environment cannot be observed as consisting of strictly separate physical barriers. Many of 
the spatial features are intertwined and can influence each other and the patient’s experience 
of space. In this research study, it was found that long distance has a significant effect on the 
patients’ dependence level and the number of encountered barriers for all mobility levels. 
When the distance is longer, patients need help more often, they have more wayfinding issues, 
difficulties with floor surfaces and physical obstacles as well as with dimensions of spaces. 
Hence, the distance between spaces where patients go during their daily life in the clinics is a 
factor that significantly influences their independent mobility. The common spatial 
characteristics of all mobility barrier categories were analysed and discussed to establish the 
repeating patterns between them. The responses of observed patients to the questionnaire 
were also used as a for understanding their experience of barriers. Their reports added another 
perspective and established the validity of the observation data. They determined whether the 
observation data revealed the same issues or if something important had been missed during 
the observations.  
The common conclusion of this investigation of barriers is that patients with lower mobility 
levels, and especially patients using a wheelchair, are the most vulnerable and dependent on 
the built environment around them. The wheelchair users encounter the most issues with 
dimensions and long distances, as well as with unsuitable floor slopes and surfaces. The wards 
where there are many patients with low mobility also have an issue of more physical obstacles 
in the corridors, such as additional wheelchairs or transfer equipment from bed to the 
wheelchair. This limits the patients’ mobility in addition to their health condition. The barriers 
to mobility must be removed for patients with low mobility levels to allow them to be 
independently mobile. This is especially true for patients whose health condition after a stroke 
limits their mobility significantly so that they need to rely on the use of mobility aids. At the 
same time, more mobile patients, such as patients that can walk independently, can benefit 
from encountering mobility barriers in certain cases. Providing barriers can be a useful training 
strategy since completely mobile patients can exercise their mobility in this way. When going 
back to their home and work environments, these patients will possibly encounter barriers in 
the built environment and the ways to overcome them could already be trained in rehabilitation 
clinics. Therefore, barriers in the built environment are not always negative barriers, but they 
can also act as mobility facilitators, such as presented in Chapter 5.  
Although the barriers can have a positive effect in some particular cases, the patients with 
lower mobility levels would greatly benefit from the removal of those barriers. Since stroke is a 
sudden and devastating even that makes the survivors feel like they lost control over their lives 
and that they need to be dependent on the mobility aids and medical staff, the removal of 
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barriers would give them the opportunity to regain mobility independence in their daily life in 
the clinics. Not all patients at the beginning of rehabilitation are able to be independently mobile 
and could even be bed-confined.  Already at the moment when patients become capable of 
independent mobility on shorter distances, the built environment should offer them the 
possibility to feel independent and in control, for their exercise, well-being and to lessen the 
common depressive symptoms.  
The main conclusion of this chapter is that patients with different mobility levels would benefit 
from differently designed built environments within the rehabilitation clinic. The current 
approach to designing rehabilitation clinics, where one kind of environments is planned to fit 
all kinds of patients, brings many disadvantages for the patients in starting stages of 
rehabilitation and patients with lower mobility level. Also, the design of the rehabilitation clinics 
that has is completely adapted to the least mobile patients would not be challenging enough 
for patients that can walk independently and can use the rehabilitation clinic as a training 
ground. Therefore, patients with different mobility levels should have specifically designed 
environments for their needs and abilities, to promote independent mobility. The results of this 
chapter were used in Chapter 6, to offer recommendations on how to design these different 
types of environments for each of the patient groups. 
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5 RESULTS: ARCHITECTURAL FACILITATORS 
TO MOBILITY 
Although independent mobility in rehabilitation clinics is beneficial for stroke patients and 
generally encouraged, research studies on the time use of patients in rehabilitation show that 
they are inactive and in their rooms for more than 50% of the day. This is in contrast with the 
main goals of rehabilitation: to recover autonomy and mobility. Independent mobility is 
important not only for faster recovery but also for patients’ psychological state during the 
rehabilitation process. Since stroke is a sudden event that can cause severe disability, patients 
often have a feeling of losing control over their body and life and therefore suffer from 
depressive symptoms. Regaining independence is an important step in their physical and 
psychological recovery. 
Since patients live in a rehabilitation clinic for several weeks to several months, the clinic 
becomes their second home during their recovery process. Their daily life consists of 
scheduled meals and therapies, as well as free time and family visits between and after daily 
therapies. Rehabilitation clinics, as healthcare facilities, are usually designed to be purely 
functional for the care processes to take place, often neglecting the quality of daily life that the 
built environment offers to patients. The role of the built environment in rehabilitation clinics 
should not only be to support the healthcare processes, but also to support and enhance the 
daily life of stroke patients. This could be reflected in offering an environment that supports 
and motivates the daily activities of patients during their free time, both alone and together with 
other patients or their families.  
Most rehabilitation clinics have some kind of common space(s) for patients. These common 
rooms are often multifunctional: the serve as a place of meeting among patients or between 
patients and their families, they are often used as dining rooms as well. Sometimes, this 
common space is just a lobby on the ground floor that is used by all patients and visitors of the 
clinic, and in other clinics, there are smaller common spaces on the wards. There are 
significant differences in the spatial quality between these common spaces in the clinics, which 
are reflected in their use. These differences are also visible in the seven participating 
rehabilitation clinics in this research study. There are not only differences in the common room 
design, but also the care about supportive elements in the built environment. The main goal of 
this chapter is therefore to identify the features of the built environment of rehabilitation clinics 
that promote and motivate the patients’ independent mobility and enhance their daily life in the 
clinics. 
In the context of this research study, not only assigned common rooms within clinics were 
considered as architectural facilitators, but also all other informal spaces and architectural 
elements that were identified to motivate or support patients’ independent mobility. Even 
certain architectural features that posed a barrier for some patients were identified to serve as 
mobility and exercise facilitators for other patients within the same clinic. Hence, various facets 
of the built environment as a mobility facilitator were examined in this chapter. 
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5.1 Common spaces as mobility facilitators 
Stroke patients during rehabilitation spend most of their free time alone in their rooms, but the 
reason for this is not yet clear. One of the potential reasons could be the lack of inviting and 
stimulating environments outside of their rooms. To be active and mobile, patients need to 
have spaces that motivate them to go out of their rooms, as well as supportive architectural 
features that facilitate mobility. Since there is a lack of studies on the spatial needs of stroke 
patients in terms of common spaces that would motivate mobility, this research study aims at 
contributing to the knowledge on spatial needs of stroke patients in rehabilitation. 
5.1.1 Patient questionnaire analysis 
To understand the patients’ daily life in the clinic and to identify the main mobility facilitators 
within rehabilitation clinics, one part of the patients’ questionnaire contained questions about 
their spatial preferences. Patients that answered the questionnaire were the same patients that 
were shadowed in seven participating clinics. Not all 70 patients were able to fill in the 
questionnaire because of the post-stroke impairments or the unwillingness to participate, 
resulting in 60 completed questionnaires in total. The answers to the questionnaire were used 
to identify the attitude of patients towards the common spaces in the clinics and to identify their 
spatial preferences and needs.  
Patients’ answers to each question are presented in the form of pie charts of prevalence for 
yes/no questions and the multiple-choice questions. The answers to the open-ended questions 
were presented in the form of bar charts, showing the number of patients that gave a particular 
answer and also the variety of given answers.   
Question 1: Do you like to spend most of the time during the day in your room? 
 
The first question that patients responded to was about their personal preference to spend 
their free time in their room. This was a crucial question to understand whether the majority of 
patients likes to spend their free time in this way. If this would be the case, the challenge for 
architectural design would be significant, to change this preference by designing motivating 
spaces. But, the answers to the question might be considered surprising. The large majority of 
patients stated that they did not like to spend most of the time during the day in their rooms. 
Question 2: Is there a place/space outside your room where you like to stay during your free time? 
This question was aimed at identifying the spatial usage patterns of patients in rehabilitation 
clinics. It was a starting question to open up the investigation of the common spaces that 
patients visit during their free time. Almost 70% of patients reported that they have space 
outside of their room where they like to spend time during the day. Both Question 1 and 
Question 2 highlight the importance of common spaces in the rehabilitation clinics. Since 
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patients don’t like to spend all their free time in their rooms, common spaces are needed for 
them to have a place to visit outside of their rooms. 
 
Question 3: How often do you visit this place/space?  
The frequency of use of the existing common spaces within the clinics was addressed with this 
question. Patients that gave no response to this question were the patients that reported that 
there was no place/space where they liked to spend time outside of their rooms.  
 
Almost 60% of patients reported visiting the place/space outside of their rooms more times per 
week. This is a clear majority among patients that gave a response to this question (patients 
that had a space/place they liked to visit). The other 10% of patients reported to visit the space 
outside of their room only once per week and the other 30% did not have a space/place they 
liked to visit. Although there is a significant number of patients that is moderately active and 
going out of their rooms more times per week, there is a large number of patients that don’t 
have a space where they like to go to outside of their rooms, or if they have, they only visit it 
once per week.  
Question 4: Do you go there alone or with other patients/visitors? 
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When patients were asked if they visit these spaces/places alone or in the company of other 
people, the responses were mixed. Some patients also gave multiple responses. The answers 
to this question indicate that there are different spatial needs of patients in the clinics since 
some of them want to be alone, and the others want to spend time with other patients or with 
their visitors/families. The spatial needs of one single patient also vary over time. The spaces 
to spend time with visitors/families are very important since almost a third of patients reported 
that they visit these spaces with their visitors. A pleasant space to meet and spend time with 
the visitors is crucial to escape the often unpleasant atmosphere of the patient’s bedroom.  
Question 5: Which place/space do you visit? 
Finally, patients were asked to report the place(s)/space(s) they like to visit during their free 
time. The open-ended answers to this question also show the varied range of existing common 
spaces in the participating clinics. Several patients reported more than one place/space that 
they liked to visit, but the majority only reported one. 
 
Most patients highlighted the outdoor area of the clinic, such as the garden or the park, as the 
space they like to visit outside of their rooms. This answer was followed by the cafeteria and 
lobby, as indoor spaces that patients like to spend time in. Fewer patients pointed out the 
sitting area in the corridor, dining room and leisure room. The other answers were given only 
by single respondents and were not repeated. The answers to this question show that there is 
no large variety of common spaces in the seven participating clinics. It is also notable that 
several patients pointed out an informal space such as the “sitting area in the corridor” or the 
“glass passage” as the spaces where they like to spend their free time.   
Question 6: What kind of space (room or place) would you like to have in the clinic? 
Patients were also asked to express their wishes on what kind of common space/place they 
would like to have in the clinic. The open-ended answers to this question indicate that there is 
a larger variety of spaces that patients would like to have from the one that already exists in 
the clinics. Several patients gave more than one suggestion on the type of common spaces 
they would like to have. 
A comfortable sitting room was the response of ten participating patients, suggesting that the 
requirements for this basic level of common space are not met in some clinics. This was 
prominent in Aatalklinik, were the only common spaces were the wide corridors that connect 
the wards and the lobby on the ground floor. One patient from this clinic described the common 
space he wanted as “a comfortable sitting room, homely furnished, not in the hospital-style, 
but as a café”. Two other patients from the same clinic expressed the need for a common room 
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gymnastics room
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coffee corner at the ward
glass passage
library
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sitting area in the corridor
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smoking area
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outdoor area (garden, park)
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that is closer to their patient rooms, therefore located on the ward. One of them wished for a 
“living room on the ward, comfortably furnished” and the other one for “a common area on my 
ward to sit, read.” Since all existing common spaces in this clinic are large and open, one 
patient pointed out that he would like a “smaller one where you can retreat”. The similar wish 
was expressed by a patient in Fachklinikum Brandis. He wanted “common rooms not next to 
the entrance”, since the main common space in this clinic is the lobby by the main clinic’s 
entrance. Comparably to the patients of Aatalklinik that wanted a common room closer to their 
patient rooms, a patient from Schwarzwaldklinik wanted: “A room where you can sit with 
several people to read, talk, play. Close to my room on the same floor.” Another patient from 
Hagen-Ambrock Klinik wished for “a common room that is easy to reach”. He also added that: 
“The common room here in the clinic is far away. The room is very unpleasant and it is not 
inviting to stay.”  
 
The cafeteria was the second most frequently reported space that patients would like to have 
in their clinics. Although all clinics do have a cafeteria for patients’ meals, only some of them 
were available for use outside of meal hours. Five out of seven participating clinics also had a 
smaller café that patients could use with their visitors, but they did not fully meet their needs. 
A patient from BDH-Klinik Elzach wished for “a cafeteria without the necessity to buy 
something”, expressing the need to have a place to sit down and spend time with visitors 
without the commercial character of the cafeteria. Another patient from Schwarzwaldklinik 
wanted a “café bistro open until 22:00h for socializing”, since their current café closed at 17:00h 
and there was nowhere to go with other patients or visitors after this hour. A patient from BDH-
Klinik Hessisch Oldendorf also wished for a “cafeteria - to receive visitors, to meet with other 
patients.” Although there is such a cafeteria in this clinic, it is located in a separate building on 
the third floor and it is difficult to reach for many patients. This might be the reason why this 
patient wished for a different cafeteria. 
Other patients’ responses included a music room, board games room, balcony/terrace, relax 
room, etc. The wide variety of responses reflects the different personalities of patients and 
their spatial preferences. It also indicates the lack of variety of the existing common spaces in 
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the clinics. Several patients highlighted the need for a common room on the ward, close to 
their rooms, as well as the need for a space to receive visitors.  
When the answers to Question 5 and Question 6 are compared in terms of the location of 
spaces that patients visit in their clinics and the spaces they would like to have, a certain trend 
can be observed. Around 40% of spaces that patients reported visiting in their free time were 
outdoor spaces, such as a park, garden, terrace, etc. Spending time outdoors is important and 
beneficial for the patients’ health and well-being, so these answers are understandable. When 
patients were asked what kind of spaces they would like to have in their clinic, a clear majority 
of around 80% wished for more spaces indoors. Only around 20% of patients wanted more or 
different outdoor spaces (Figure 56).  
                         Spaces that patients visit           Spaces that patients would like to have 
                  
Figure 56: Comparison of patients’ responses 
This result is significant for architects and planners of rehabilitation facilities since they highlight 
a clear need for more common spaces in rehabilitation clinics that have better design qualities 
and meet the various needs of patients. The fact that around 80% of patients wishes for new 
and better spaces indoors, together with the result that 72% of patients don’t like to spend time 
in their rooms, indicate that there is a great need for a new approach to designing common 
spaces for patients in a rehabilitation clinic and that these spaces would most probably be 
frequently used by patients.  
Question 7: Why do you like this place/space? 
Patients were asked for the reason why they liked the particular place/space that they visited. 
This was a multiple-choice question with an open-ended “other” option. Almost all patients 
reported more than one reason why they liked the chosen space. Only the answers of the 
patients whose favourite space/place was indoors were analysed, to identify the main spatial 
qualities that patients appreciated as well as which activities they performed in these spaces.  
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Most patients reported meeting with other patients as the main reason to visit their chosen 
space. This is the activity that was the most represented in patients’ responses, followed by 
being undisturbed in that space. Three patients wrote that they could do special activities in 
that space, but it is not clear what kind of activities. Other activities reported were observing 
people or having coffee and snacks. There were several spatial qualities of these spaces that 
the patients highlighted. The main spatial quality was an interesting/beautiful view, reported by 
fourteen patients. The second most frequently reported spatial quality was regarding its size: 
eight patients liked their chosen space because it was large and only two patients liked a small 
space. It was also important to three patients that this space was close to their rooms. Other 
spatial qualities that some patients highlighted were “bright for reading“ and “non-clinical 
atmosphere“.  
Patients of the participating clinics reported the activity of meeting other patients as the most 
important reason to visit the space outside of their room. Activities that could be performed 
there and the physical qualities of the space had similar importance in the patients’ responses. 
This result indicates that special care has to be taken of what kind of activities the common 
spaces in the clinics would facilitate and to design spaces that complement those activities.  
5.1.2 Shadowing data analysis 
In part 1.1 of this chapter, patients’ spatial preferences for common spaces in the rehabilitation 
clinics were identified. Shadowing data was further analysed to determine the way patients 
use the common spaces in their daily life in the clinics. The patients’ (n = 70) daily paths were 
separated into scheduled and non-scheduled paths for this analysis. Scheduled paths 
represent all the patients’ paths that they had to make, such as going to therapies, 
appointments or scheduled meals. Non-scheduled paths were the ones that patients made 
voluntarily, without a schedule or an appointment. These non-scheduled paths are a subject 
of this chapter since they reveal where patents go on their own in the clinics and what kinds of 
spaces they visit in their free time. There are notable differences in the number, design and 
location of common rooms in seven participating clinics in this research study. For this reason, 
each clinic is presented with a short description of the type of common rooms that can be found 
there. The presented floor plans also show the aggregate of all patients’ non-scheduled paths 
in the particular clinic and on that particular floor. 
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BDH-Klinik Hessisch Oldendorf  
 
Figure 57: Independent mobility in BDH-Klinik Hesisch Oldendorf – typical floor plan 
Type of common rooms: Certain wards with less mobile patients have a small common room 
that also serves as a dining room. Besides small seating areas in the corridors, the main 
common spaces are the winter garden and library/sitting room on the ground floor of the main 
building and a café on the third floor in one of the separate buildings. 
Fachklinikum Brandis 
 
Figure 58: Independent mobility in Fachklinikum Brandis – typical floor plan 
Type of common rooms: Floors, where patients’ rooms are located, have a small open 
common seating area as a part of the corridor space. Another seating area is available next to 
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the seminar rooms on the patients’ floor, but this space was located behind an automatic door 
and the lights were turned off most of the time. Another two common areas are the public lobby 
by the entrance and the small seating space by the aquarium on the basement (therapy) level.  
BDH-Klinik Elzach 
 
Figure 59: Independent mobility in BDH-Klinik Elzach – typical floor plan 
Type of common rooms: The cafeteria at the entrance is also used as a cafe for visitors 
outside of mealtimes. Other common rooms include a small coffee room and several common 
rooms that serve as dining rooms on the wards. Most of the common rooms don’t have enough 
natural light. 
Aatalklinik  
 
Figure 60: Independent mobility in Aatalklinik – typical floor plan 
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Type of common rooms: None of the wards has common rooms; the sitting areas are located 
in the central circulation area (wide corridor) that is connecting all the wards. Two common 
rooms are located on the ground floor: a café and the sitting area in the lobby. 
Schwarzwaldklinik Neurogie 
 
Figure 61: Independent mobility in Schwarzwaldklinik – typical floor plan 
Type of common rooms: Each floor has a small common room behind the elevators. This 
room also serves a dining room for less mobile patients. There is a café on the ground floor 
that is used by all patients and their visitors. 
HELIOS Klinik Hagen-Ambrock 
 
Figure 62: Independent mobility in Schwarzwaldklinik – typical floor plan 
Type of common rooms: The main common areas are the restaurant and the television area 
on the ground floor. This restaurant is used by staff members during meal times and the 
patients have their meals in the restaurant on the basement level. Each of the wards in the 
main building also has a small common room where less mobile patients receive their meals.   
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5.1.2.1 FREQUENCY OF NON-SCHEDULED MOBILITY 
Non-scheduled mobility, and more specifically the frequency of non-scheduled mobility, was 
analysed to determine how often the patients were mobile and visiting spaces within the clinics 
during their free time. Each of the patients’ paths from point A to point B was labelled scheduled 
or non-scheduled, depending on its destination. Patient’s room was always considered as a 
base, so their return to the patient room from a place they visited was always labelled in the 
same way as the outgoing path from the room. For example, if a patient went to therapy, this 
path was labelled as scheduled, as well as the path of returning to their room. The goal was to 
identify the places that would make patients go out of their room and visit them. Each 
scheduled and non-scheduled path for every patient during the observation day was counted 
and the frequency percentage was calculated. When it was not clear whether the path was 
scheduled or non-scheduled, it was excluded from the analysis. The differentiation was made 
between non-scheduled mobility indoors and outdoors, to clarify when the patients were 
visiting the spaces within the clinic’s building. All frequencies were then compared between 
the clinics (Table 49).  
         Table 49: Compared frequencies of scheduled and non-scheduled mobility in each clinic 
Clinic 
 
Frequency of 
mobility 
 
Scheduled 
Non-scheduled 
indoors 
Non-scheduled 
outdoors 
Hessisch Oldendorf 78,8 % 13,3 % 7,9 % 
Brandis 90,9% 6,3% 2,3% 
Glantalklinik 67,0% 28,1% 4,9% 
Elzach 78,1% 7,7 % 14,2 % 
Aatalklinik 82,3% 13,5% 4,2% 
Schwarzwaldklinik 77,2 % 11,1 % 11,7 % 
Hagen - Ambrock 87,7% 8,2% 4,1% 
The Glantalklinik was the clinic where the patients were the most active during their free time, 
as the frequency of non-scheduled mobility is considerably higher than in the other six clinics. 
In the majority of the clinics, the frequency of the non-scheduled mobility indoors was below 
15%. This large difference in the mobility frequency could a result of different common spaces 
that the Glantalklinik offers to the patients, but it could also come from differences in patients’ 
mobility levels, their individual preferences, the amount of free time between therapies during 
the day, but also the weather conditions on the observation day. Therefore, it is difficult to 
determine whether the spatial qualities of the common spaces are the main reason for patients’ 
high mobility levels since all the environmental variables could not be controlled in this study. 
Another potential reason for high activity could be the number of patients in the patients’ rooms. 
Patients tend to be less active when they are placed in a single room, so having many patients 
in double rooms could be a reason for more activity outside of their rooms. When the number 
of patients in double and single rooms is compared between the clinics (Table 50), it is clear 
that Glantalklinik is not an outlier. It also falls in the average of the number of therapies per day 
compared to other clinics (Table 50). This comparison shows that the patients in Glantalklinik 
had a similar number of therapies per day and a similar amount of free time between the 
therapies (the duration of therapies is standardized in all clinics), as well as only two patients 
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in double rooms. Hence, this comparison does not explain why the patients in this clinic were 
the most active in their free time.  
The comparison of the levels of non-scheduled mobility in the participating clinics shows very 
low levels of patient-initiated activity, which is consistent with the findings of other research 
studies on the stroke patients’ activity levels. This finding indicates that the low activity levels 
are still a significant issue in stroke patients and that there is a need for enabling and motivating 
patients to be more active and mobile in their free time to achieve maximum possible recovery. 
         Table 50: Characteristics of the participating clinics 
Clinics’ 
characteristics 
Number of therapies  
per day 
No. of 
patients in 
single rooms 
No. of  
patients in 
double rooms Average Median 
Hessisch Oldendorf 4,9 5 6 4 
Brandis 5,1 5,5 9 1 
Glantalklinik 4,4 4 8 2 
Elzach 3,4 3 7 3 
Aatalklinik 4,9 5 9 1 
Schwarzwaldklinik 3,9 4 10 0 
Hagen - Ambrock 4,3 4 9 1 
Another comparison was made between the patients’ rehabilitation phases in each clinic, to 
identify their differences that could be a reason for higher or lower mobility levels (Table 51). 
                         Table 51: Characteristics of the participating patients in each clinic 
Patients’ 
characteristics 
Patient’s rehabilitation phase 
B C D 
Hessisch Oldendorf 2 5 3 
Brandis 0 0 10 
Glantalklinik 0 6 4 
Elzach 1 6 3 
Aatalklinik 0 6 4 
Schwarzwaldklinik 0 7 3 
Hagen - Ambrock 0 2 8 
There were no patients in the lowest mobility phase in the Glantalklinik, but the numbers of 
patients in the other two phases are comparable to the other clinics. Out of the 10 observed 
patients in the Glantalklinik, only one patient was a wheelchair user, four patients were using 
a walker and five patients could walk. This high mobility ability of patients could potentially 
contribute to the high mobility levels. 
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5.1.2.2 DISTANCE 
The remoteness of the common spaces from the patients’ rooms could be another potential 
factor that affects their use. If the common spaces are too far away from patient’s rooms or 
therapy areas, they might not be used as often as they should. It was already determined in 
Chapter 4 that long distances have a negative effect on patients’ mobility. When the distances 
between spaces are longer, patients encounter more mobility barriers and need more help on 
the way. For this reason, the shorter distances to common spaces could be easier for patients 
to cover, and these spaces would potentially be used more often. The lengths of all scheduled 
and non-scheduled paths indoors for each patient in all seven clinics were measured to 
determine their similarities and differences (Table 52).  
Table 52: Comparison between lengths of scheduled and non-scheduled paths 
Clinics 
Distance per path (m) 
Scheduled Non-scheduled 
Average Median Average Median 
Hessisch Oldendorf 146,97 154,76 54,62 57,90 
Brandis 53,35 53,75 42,94 43,32 
Glantalklinik 58,23 60,36 45,38 45,76 
Elzach 94,85 94,95 48,12 38,35 
Aatalklinik 72,42 72,69 45,27 38,80 
Schwarzwaldklinik 84,03 82,52 36,49 34,70 
Hagen - Ambrock 113,94 111,10 56,01 43,72 
It is clear that the average and median non-scheduled paths are shorter than the scheduled 
paths in all clinics. Since scheduled paths are the ones that patients have to take, and the non-
scheduled ones are the paths that patients choose to take on their own, it appears that patients 
chose the shorter paths in each clinic. To determine if the difference in length between these 
two types of paths was significant, the Mann-Whitney U test was computed to compare their 
lengths (Table 53). All patients were included in the analysis except one (BDH-Klinik Elzach) 
because the patient had a habit of walking around the clinic and it was not clear which paths 
were scheduled and which were not. There were 52 out of 70 participating patients that made 
at least one non-scheduled path on their observation day. The difference in the length of non-
scheduled and scheduled paths was found statistically highly significant (Table 53).  
Table 53: Comparison of average lengths of paths for scheduled and non-scheduled mobility for each 
patient (scheduled: n = 69, non-scheduled: n = 52) 
Distance Scheduled paths vs. Non-scheduled paths 
Path length (m) p < 0,001** 
** statistically highly significant difference  
a Mann-Whitney U Test, comparison between the average lengths of scheduled and non-scheduled 
paths 
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Although there are large differences between the lengths of scheduled and non-scheduled 
paths between the rehabilitation clinics due to their different spatial configurations and the 
placement of functions, the average length of the non-scheduled paths in each clinic does not 
exceed 56 m. The mean and median of all scheduled and non-scheduled paths for all patients 
in all clinics were computed (Table 54), and they show that the average path that patients 
chose to make was 46,97 m, with the median of 43,42 m. 
Table 54: Average lengths of scheduled and non-scheduled paths for all patients 
Path length 
Mobility type 
Scheduled Non-scheduled 
Mean (m) 89,11 46,97 
Median (m) 77,06 43,42 
In Chapter 4, it was found that the mean length of the path where patients did not encounter 
any barriers and did not need help was 60,03 m, with the median od 47,19 m. These lengths 
are comparable with the average lengths of non-scheduled paths. Therefore, patients chose 
to visit spaces and places that were close to their rooms and the shorter distances also reduced 
the number of encountered barriers and dependence on the staff members. Although the 
number of patients whose paths were analysed was small, this finding was consistent in all 
clinics, and therefore the results should be taken into consideration in future clinic designs. 
5.1.2.3 DIMENSIONS 
A large variety in sizes of common rooms was observed in the participating clinic. Even within 
one clinic, the variation was sometimes significant. The clinics with predominantly large 
common rooms as a part of an open circulation space was Aatalklinik (around 280 m2); with 
predominantly small common rooms: Glantalklinik (around 20 m2) and Schwarzwaldklinik 
(around 40 m2), and the other four clinics (BDH Klinik Hessisch Oldendorf, BDH Klinik Elzach, 
Fachklinikum Brandis and Hagen-Ambrock) had common rooms varying from small to large. It 
is not clear how the sizes of spaces affected the activity levels of patients since the number of 
observed patients in each clinic was too small for such an analysis.  
5.1.2.4 WAYFINDING 
There was no observed case when the patient was going to a non-scheduled destination and 
had wayfinding issues. It could be assumed that patients that visited these common spaces 
knew well where they were located and therefore did not need help to locate them. Since the 
average non-scheduled path was around 46,97 m, the spaces that patients visited during their 
free time were located close to their rooms (or the places from which they were starting their 
paths), possibly even within the field of view. All observed wayfinding issues happened on the 
paths that patients had to take to reach therapies, appointments or meals and the lack of 
wayfinding issues signifies that patients chose to visit spaces that are easy to find and within 
a short distance. 
5.1.2.5 PLACES AND ACTIVITIES 
To understand the nature of non-scheduled activities during the patients’ daily life in the clinics, 
it is necessary to look at what kind of spaces patients visit and what kind of activities they 
perform in these spaces. The places that were the destinations of non-scheduled paths and 
the activities that the patients performed there were mapped using the shadowing data. The 
goal was to identify the spaces within the clinics that are most often visited by patients during 
their free time.  
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Figure 63: Locations of all observed non-scheduled activities (n = 89) 
The most commonly used space in the rehabilitation clinics were the corridor and corridor 
extensions (31 cases), followed by the living/dining room on the ward (23 cases) (Figure 64). 
The widenings of the corridor where no traffic was passing through, and where there was a 
small sitting area or similar, were mapped as corridor extensions in this context. Therefore, the 
corridor in rehabilitation clinics becomes a significant space where patients spend their free 
time. Another significant space is the small living/dining room on the ward, which does not exist 
in every clinic and on every ward. These spaces are often used as dining rooms for patients 
that are not mobile enough to go to the main dining room, and as living rooms outside of the 
meal times. Since they were the most common destinations of non-scheduled paths, it is clear 
that their existence is needed in the daily patients’ life. 
The variety of activities that patients do outside of their rooms in their free time is shown in 
Figure 64.  
 
Figure 64: All observed non-scheduled activities (n = 89) 
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The most dominant activities were related to sitting (alone or in the company) and having 
food/beverages or taking them to their rooms. A water machine/coffee machine for patients 
was common in most rehabilitation clinics, usually placed in the corridor or the small 
dining/living rooms on the ward. These spaces would, therefore, sometimes become a 
destination of non-scheduled paths for this reason.  
There were many different non- scheduled activities observed in the seven rehabilitation 
clinics, but it is not clear if the patients were alone or socializing with the others when 
performing those activities. All the activities were therefore mapped together with the patients’ 
company status (alone, with other patients, etc.). Around two-thirds of patients visited these 
non-scheduled locations alone (Figure 65). In 18 cases, they were accompanied by one or 
more other patients, which makes around 20% of cases. The normal daily life in the clinics was 
disturbed with the presence of the researcher, and this is why two non-scheduled activities 
were performed with the researcher. 
 
Figure 65: Patients’ company in all observed non-scheduled activities (n = 89) 
The analysis of places and activities shows that patients were mostly active alone, and going 
to the corridor or dining/living room on the ward to sit (and talk) or have food/drinks 
5.1.2.6 CORRIDOR AS A COMMON SPACE 
Corridor and corridor extensions were found to be the most visited places in patients’ free time 
(Figure 63). Traditionally, the corridor is a circulation space, but in the context of daily life in 
rehabilitation clinics, it also becomes a therapy space and a space for other non-scheduled 
activities. These non-scheduled activities that happened in corridors and their extensions were 
mapped to determine the variety of patients’ activities in the corridors (Figure 66).  
 
Figure 66: Patients’ non-scheduled activities in the corridors of all clinics (n = 31) 
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In the context of non-scheduled patients’ activity, the corridor becomes a place where a large 
variety of patients’ activities happen in their free time. The patients socialize, exercise, enjoy 
the view, enjoy the solitude, walk around and do many other activities in the corridors (Figure 
66). This analysis shows the significance of a corridor, not only as a place with designated 
space for socializing or spending time, but also informal spaces that patients create 
themselves. Special attention needs to be given to the design of corridors in the context of 
non-scheduled patients’ activity, as they show great potential to motivate patients to go out of 
their rooms more often, which should be one of the main goals of clinics’ design.  
5.1.2.7 THE CASE OF GLANTALKLINIK 
Since the patients of Glantalklinik had shown the highest frequency of non-scheduled mobility 
compared to other participating clinics, this case was examined further to determine which 
spaces patients used the most. The non-scheduled activities in this clinic were mostly 
performed in the small living/dining rooms on the wards (Figure 67). The reason for the high 
activity of patients in this clinic could be the unique nature of the common rooms. This is the 
only clinic in the sample where there was no large common dining room for all patients, but 
where each ward had small dining rooms for 8 to 12 patients, which were used as living rooms 
outside of mealtimes. These rooms were also equipped with water and coffee machines for 
patients.  
 
Figure 67: Patients’ non-scheduled activities in the corridors of all clinics (n = 31) 
Every patient on the ward would be assigned a dining room and a seat at the table, and this 
would be their place for every meal during the day. In this way, small patient communities were 
created and it was easier to talk to other patients. This practice might have made the patients 
become more familiar with the space itself and with the other patients using the space. The 
proximity of those dining/living rooms to their rooms, the familiarity with the space and patients 
using the space and the presence of machines for different kinds of drinks might have all 
influenced the activity levels of patients in this clinic. Since only 10 patients from this clinic were 
included in the study, it was not possible to draw a definite conclusion on why patients in the 
Glantalklinik were the most active, but the general tendency towards using the common rooms 
often could potentially be due to their unique nature in this clinic. 
5.1.2.8 TIME SPENT INACTIVE 
To compare the findings of this study to the other studies on the activity levels of stroke 
patients, the time that patients spent alone in their rooms on the observation day was 
calculated. This time was calculated using the time log of activities (shadowing sheet), 
calculating the sum of all periods that patients spent in their rooms on that day. The times 
spent in the room with any member of the medical staff or with the visitors was not included in 
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the calculation since patients were not alone at that time. The goal of this analysis was to 
determine how much time patients spent inactive and alone in their rooms in their most active 
period during the day. Patients would usually have breakfast around 07:00h and the dinner 
would usually be finished around 18:00h or 18:30h, with lunch and therapies in between. It 
was noticed that they would usually stay in their rooms after dinner, to rest and go to bed early. 
For this reason, the time window between 07:00h and 19:00h was chosen for the analysis.  
Table 55: Time patients spent alone in their rooms between 07:00h and 19:00h 
Clinic 
Time spent alone in the room (min)* 
Average Median 
Hessisch Oldendorf 275,5 306,5 
Brandis 395,4 374,5 
Glantalklinik 397,4 394,5 
Elzach 373,1 361,5 
Aatalklinik 411,3 427 
Schwarzwaldklinik 344,3 316 
Hagen - Ambrock 337,7 357 
Total 362,1 361,5 
*The difference in the time spent in the room between patients with different mobility levels is not 
significant (Kruskal-Wallis Test, p = 0,407) 
The results of the time use of stroke patients are consistent with most previous studies 
(Chapter II, Part 1, p. 25). On average, patients spent around 50% of the time (around 6 hours) 
alone in their rooms between 07:00h and 19:00h (Table 55). Although it could be expected 
that the patients with lower mobility level would be less active, no difference was found 
between the time spent in the room and the patients‘ mobility level, which suggest that all 
patients were equally inactive.  
There are slight differences between the clinics, where patients in the clinic Hessisch Oldendorf 
had spent the least time inactive in their rooms. Although this result might suggest that patients 
in this clinic were more active than patients in other clinics, it is important to highlight that 
Hessisch Oldendorf was a clinic where patients had to cover the longest daily distances of 
around 2 km on average (Table 31). Therefore, it could be possible that patients were going 
back to their rooms less often and remained to wait in the general therapy areas due to the 
remoteness of their patient rooms. Nevertheless, the results are similar in most participating 
clinics and they show a large proportion of patients’ inactivity and isolation. This is a significant 
result, as it validates the findings of this research study in comparison to other studies on the 
time use of stroke patients and it shows that the low activity levels have not changed since the 
first studies almost 40 years ago. This finding also highlights the need for a change in the way 
rehabilitation clinics are organised and designed to support, promote and motivate patients’ 
non-scheduled activity. 
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5.2 Architectural design features as mobility facilitators 
Certain architectural elements were observed to help and facilitate mobility during the two-
week stay in each rehabilitation clinic. The use and value of design features were noticed 
during the researcher’s observations and in the reflective notes during the shadowing data 
collection. For this reason, they could not have been quantitatively examined. Nevertheless, 
the observations that were made over 14 weeks in the seven clinics offered an insight into the 
daily life of stroke patients and their interactions with space. The conclusions made about the 
certain design features as mobility facilitators contribute to the understanding of patients’ 
needs in the built environment of rehabilitation clinics. 
The presented photos were taken by the author in the participating clinics and were used to 
illustrate each example; they are not representing the ideal design solutions, but the existing 
design solutions that were observed in the clinics. The listed design elements were not studied 
in great detail but were noticed as important during the patient observations. 
Handrails on the wall: mobility aid in narrow and busy corridors 
Patients, and especially the ones using a wheelchair, were observed 
to use the handrails on the wall to pull themselves in corridors where 
there were too many people and where it was challenging for them 
to control the wheelchairs due to the narrow space. Handrails are 
therefore especially important in corridor areas that receive heavy 
patient traffic, as well as in narrow spaces in front of elevators and 
stairs. They are also necessary at any floor sloping, to help patients 
with low mobility to overcome them. 
Automatic doors: facilitator of unobstructed mobility 
Heavy non-automatic doors were observed to be a significant barrier 
for patients’ mobility (Chapter 4), especially when they were located 
on the path to therapy that patients had to take each day. It was 
noticeable that automatic doors were significantly easier for patients 
to use and did not stop or interfere with patients’ mobility. The 
existence of the automatic doors was observed to be an important 
help for patients, especially the ones using mobility aids such as 
walked or a wheelchair. 
Small sitting areas: places to rest on the way 
Patients that were able to walk on short distances were noticed to 
encounter difficulties when covering longer paths. The common 
practice of this type of patients was to make many stops on the way 
or to rely on the use of a mobility aid. For example, a patient that 
could walk on a distance up to around 50 m would use a wheelchair 
on longer distances and after a long day of therapies. The existence 
of places to rest helped the patients not to rely on mobility aids and 
to exercise their independent mobility. 
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Directed nature view: potential positive distraction 
It was observed that individual patients would often go out of their 
rooms to spend time in common places that had a view towards 
nature. Since rehabilitation clinics were often built in the remote 
areas outside of cities, where there was a lot of nature around, there 
were many areas within the clinics with the view of nature. A study 
by Anaker et al. from 2018 found that stroke patients undergoing 
rehabilitation enjoyed the views of nature and found them to be a 
positive distraction from their life in the clinic. The spaces with the 
directed view towards nature were observed to be commonly visited 
by patients during observations in this research study. 
Corridor extensions: places for informal activities 
Corridors in rehabilitation clinics are lively places where many 
scheduled and spontaneous activities take place. It was observed 
that the widenings of the corridors were frequently used by patients, 
for sitting alone, socializing, enjoying a coffee or a nice view to the 
outside. They offered an informal socializing space, which was 
different from closed common rooms, and therefore more 
approachable. The placement of sitting furniture and different 
machines for drinks contributed to more activity in these areas of 
the corridors as well.  
The potential of these and other architectural features not identified in this study to facilitate 
mobility needs to be examined further. The mentioned examples show that even the small 
alterations of the built environment could already have a positive effect on the patients’ mobility. 
All these identified elements are small-scale interventions that could facilitate patients’ mobility 
independence and improve their daily life in rehabilitation clinics.  
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5.3 Physical barriers as mobility facilitators 
Although physical barriers are commonly considered as negative aspects of the built 
environment, they are not always creating disabling environments. Encountering barriers and 
learning the way to overcome them can also be a beneficial rehabilitation strategy. Patients 
need to go back home and to return to normal life after rehabilitation, where there will most 
certainly encounter various physical obstacles, both in their home and outdoor environment. 
By challenging patients during the rehabilitation process, certain physical barriers can be 
exercise tools for smoothing the transition from life in a rehabilitation clinic to going back home. 
They can also help patients to be active and exercise outside of their therapy times. In this 
case, these barriers must be purposefully created for training and exercise, and not a result of 
inadequate planning and design. The latter could potentially be threats to patients’ safety and 
cause disturbances in the daily functioning of a rehabilitation clinic. 
Some design features that are barriers for certain patients can be mobility facilitators for the 
others. Physical barriers are, therefore, not always negative features of the built environment. 
During the data collection in the seven participating clinics, certain architectural features that 
would be identified as mobility barriers in Chapter 4 of this thesis were observed to serve as 
mobility facilitators for a specific group of patients. The observed spatial interaction of patients 
with these barriers revealed their potential for participating in the patients’ rehabilitation 
process, together with the informal conversations with patients and staff members of the visited 
clinics. 
Stairs 
Although impossible to use for patients in wheelchairs or the patients using walkers, stairs 
were often used instead of elevators by the patients that could walk independently. In several 
occasions, these patients remarked that using the staircase instead of the elevator was an 
additional mobility training for them. The patients felt like they were contributing to their 
recovery process by exercising while going to therapies and meals. Stairs are in this case a 
significant independence and mobility facilitator, although they pose a significant mobility 
barrier for patients that are not able to walk. 
Floor slopes  
The corridors that were minimally inclined slopes already increased the difficulty of movement 
for all patients, especially the patients using a wheelchair. Patients would often lose control 
over their mobility aids when confronted with the floor slopes. At the same time, the patients 
that could walk independently used this challenge to exercise mobility. One patient from the 
Hessisch Oldendorf clinic pointed out the sloped corridor and remarked that the increased 
challenge is a useful exercise for him. This slope was not noticed by the researcher, but the 
patient noticed the small inclination because of his health condition and the increased difficulty 
to walk in this corridor.  
Uneven terrain 
The unevenness of the terrain and the different flooring materials are often used in patients’ 
therapy, especially in the outdoor space. The patients that can walk learn how to navigate and 
interact with different surfaces that they would encounter in their daily life outside of the clinic, 
such as concrete, sand, gravel or grass. This kind of mobility training is especially useful for 
stroke patients since it is common for them to experience loss of control over their limbs due 
to hemiplegia or hemiparesis. In patients with low mobility levels and who rely on the use of 
mobility aids, the uneven terrain poses a significant mobility barrier. 
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Heavy patient traffic 
A large number of patients in wheelchairs and walkers often creates congestion in the clinics’ 
corridors, since these mobility aids take a significant amount of space and since these patients 
are usually slower than the patients that can walk. This heavy patient traffic is a mobility barrier 
for patients with lower mobility levels, but it can sometimes be beneficial for the patients that 
can walk independently. The chief physician of Aatalklinik pointed out that spaces with a lot of 
patient traffic created useful obstacles for patients to overcome and that this could be another 
way of training their mobility.  
Physical obstacles 
When returning home after rehabilitation, patients encounter different kinds of physical 
obstacles in their home and community environments; obstacles that are not often present in 
the built environment of rehabilitation clinics. Although physical obstacles are definite mobility 
barriers for patients with low mobility levels, they can also become training objects for patients 
that are going back home shortly. Learning to overcome various kinds of physical barriers can, 
therefore, be a helpful strategy for preparing patients to return to their normal lives after the 
rehabilitation process. 
Physical barriers can act as mobility facilitators only in cases when patients are capable of 
overcoming them. Patients that are dependent on staff members to be mobile in the clinic and 
patients with very low mobility levels cannot overcome physical obstacles without the danger 
of injuries. The patients that are in advanced rehabilitation stages and the patients that are 
ready to return home could potentially train their mobility by overcoming various kinds of 
barriers in a controlled way. This means that the physical obstacles need to be purposefully 
created for patients’ mobility training and the existing physical obstacles in the built 
environment should not be taken as acceptable for mobility training.  
5.4 Chapter conclusion 
The analysis of patients’ questionnaires revealed that patients don’t like to spend the majority 
of their time alone in their rooms and that they would like more and a larger variety of common 
spaces in the rehabilitation clinics. The analysis of shadowing data had shown that patients 
choose to visit places in the radius of around 47 m from the place where they were starting 
their non-scheduled path, which is significantly shorter than their average scheduled paths. 
The further study of shadowing data in the context of common spaces as mobility facilitators 
offers insight into the daily life of stroke patients in rehabilitation clinics and the variety of their 
activities during free time. The observations of the daily life in rehabilitation clinics, reflective 
notes and informal conversations with patients and staff members uncovered the potential of 
certain design elements and physical barriers to serve as mobility facilitators. 
The results of the examination of mobility facilitators further highlight the different needs of 
patients in different rehabilitation stages. Patients’ activation is crucial after a stroke to 
maximise functional recovery and improve their well-being. To enable and motivate mobility, 
patients need various strategies depending on their health conditions. Some patients need 
supportive design elements and others might need an additional challenge to exercise their 
mobility. Patients that have low mobility levels benefit from having a variety of common spaces 
that they can visit in their free time, as well as from a barrier-free environment that does not 
hinder their mobility. Since their health condition already creates a significant mobility 
limitation, the environment should not pose an additional challenge, since the avoidance of 
barriers might be one of the reasons for patients’ low activity levels. The patients that are more 
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mobile and want to contribute to their recovery process in their free time would benefit from a 
more challenging built environment where they could use certain physical barriers for mobility 
training. Thus, there cannot be a “one design fits all” solution for mobility facilitators in 
rehabilitation clinics. The patients could benefit from the specifically designed built 
environments to activate them and support their mobility. 
The results of this chapter should be taken with caution since the preferences for common 
spaces are individual for each patient and only 10 patients in each clinic were included in the 
data analysis. Although the sample size is small to make well-supported conclusions, some 
general common tendencies could be observed in all participating clinics, and they were 
transferred into design recommendations in Chapter 6.
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6 GUIDELINES FOR MOBILITY-SUPPORTING 
REHABILITATION CLINICS 
The results of this research study demonstrate that patients with different abilities experience 
the built environment of rehabilitation clinics in very different ways. Thus, the following design 
recommendations reflect these differences and aim to accommodate them via spatial design. 
The main concept that the proposed guidelines are centred around is the concept of a 
transitional model for rehabilitation clinics. This model was developed based on the obtained 
results from this research study and the experience of observing the daily life of different 
rehabilitation clinics as an architect and a researcher for more than 70 full days.  
The proposed design guidelines are divided into two parts. The introductory part establishes 
the main concepts of the transitional model for rehabilitation clinics as well as the main 
schematic organisation of the clinic and the connections between these levels. The second 
part of this chapter presents the detailed architectural guidelines for the wards, therapy area 
and other areas within the transitional model of a rehabilitation clinic.  
6.1 General characteristics 
6.1.1 Transitional model for rehabilitation clinics 
The transitional model is proposed as a guideline on how to design rehabilitation clinics that 
accommodate the organisation of stroke care and that support and promote patients’ mobility. 
Stroke survivors with the most severe post-stroke impairments can go through several stages 
of the rehabilitation process (Figure 22), based on their recovery potential. Bed-confined 
patients can transition through stages of using mobility aids to walking without assistive 
devices.  
 
Figure 68: Usual stages in the stroke recovery process 
The transition phase of stroke patients towards mobility and recovery is rarely differentiated 
into stages in such an accurate way in regards to the used mobility aids. Many patients 
recovering from a stroke transition between two mobility aids even within one day. Commonly, 
patients that can walk independently use a walker or long distances, or patients that only need 
a walker on shorter distances use the wheelchair on longer ones. Therefore, the use of the 
current mobility aid is not the only parameter that was considered when developing the 
transitional model. 
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The basic concept underlying the proposed transitional model is the goal setting for patients in 
each level within the model (Figure 23). The levels within the model are created based on the 
main ideas of the phase rehabilitation model (see 1.3.2 Neurological rehabilitation system). 
The three main rehabilitation phases that take place in the inpatient setting of rehabilitation 
clinics are reflected in the concept of the transitional model. To correspond with the 
organisation of medical care, this model is also divided into three levels, with the addition of 
Level 0. This added level includes stroke patients accommodated in the stroke units that can, 
in some cases, be a part of the rehabilitation clinic. Level 0 is, therefore, offered as an optional 
level that would not be planned in every rehabilitation clinics. 
The main goals of these levels differ among each other, as well as the spatial needs of patients 
that would be accommodated within these levels. The patients do not need to go through all 
the proposed ward levels during their rehabilitation process. Depending on their health 
condition, they could also start their stay in the rehabilitation clinic already in the Level 2 or 
even Level 3 ward (for completely mobile patients). 
 
Figure 69: Proposed levels within the transitional model 
The main goal of the Level 1 in the developed transitional model corresponds to the main goals 
of the rehabilitation phase B. Patients accommodated in the wards designed according to the 
Level 1 guidelines should be the patients with the most severe stroke-related impairments and 
often bedridden or using a wheelchair on short distances. Level 2 wards are created for the 
patients whose health state is stable and whose main rehabilitation goal is to achieve 
independence, both in mobility and the ADLs (main goals of phase C). The wards of Level 3 
in the transitional model are geared towards the activation of patients and preparing them for 
returning home (phase D). The spatial characteristics of these three ward types are further 
developed in part 6.2 of this chapter. 
6.1.2 Schematic organisation  
Since they are complex facilities, rehabilitation clinics consist of various functional units, the 
most important being the patient wards and the therapy area. The connections between these 
and other functional units are crucial for the daily functioning of rehabilitation clinics. Therapy 
area, together with the cafeteria and the main common room form the buildings’ main core, 
which needs to be closely connected to the patients’ wards. The recommendations for the 
connections between the wards and other functional units differ among the three levels of the 
transitional model. The proposed connections are schematically presented in Figure 70. Each 
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ward is presented in a different colour and the spatial proximity between functional elements 
is shown with the three different thicknesses of lines. 
Since rehabilitation clinics usually consist of multiple floors, with several wards on each floor, 
the recommended connections between the functional units include both horizontal and 
vertical connections (Figure 70). The more specific recommendations for both of these 
connection types can be found in part 6.2 of this chapter.  
 
Figure 70: Recommended connections between the main functional units in a rehabilitation clinic 
The recommended connections serve the purpose of exercising patients’ mobility. Patients 
that have a notably lower mobility level need shorter distances between spaces to be able to 
visit them on their own, otherwise, they will require help from the transfer service. At the same 
time, patients that are able to walk independently would benefit from longer distances where 
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they could encounter different environments and exercise their mobility and wayfinding. Hence, 
the wards belonging to the Level 1 need to be closely connected to the most important 
functional units for the patients, in the radius up to 40 m, since these patients are the most 
susceptible to long distances and barriers in the built environment. Patients belonging to Level 
2 still require close connections to particular areas of the clinic, while the patients 
accommodated in Level 3 wards can be located in more remote areas.  
Level 0 wards do not need to be connected to any of the other ward types since patients in 
these wards receive care that is more hospital-like, they are bedridden and often require 
ventilation support. They are usually not able to attend therapies outside of their rooms, so the 
direct connection to the clinics’ therapy area is also not necessary. The Level 0 ward functions 
as a separate unit within the ward, with the only connection towards the diagnostics facilities, 
for easy assessment of patients’ health state and progress.  
Another important user group in a rehabilitation clinic is the clinics’ administration and their 
offices as a functional unit. These offices do not need to be directly connected to the patients’ 
wards or therapy areas, but they need to have a good connection to the cafeteria for daily 
meals, the conference room and the outdoor area.  
Other significant connections that need to be planned are the direct link between the therapy 
area and the diagnostics facilities, the internal connection between the Level 2 and Level 3 
wards (explained further in the 6.2.1 Ward design), and the direct connection between the 
therapy area and the outdoor space for the additional therapy outdoors. 
Since the main focus of this research study was on the patients’ wards and therapy areas, 
together with their connections, the following design guidelines concentrate particularly on 
these units within the rehabilitation clinic. 
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6.2 Architectural design guidelines 
In this part of the chapter, the design guidelines for the mobility-supporting rehabilitation clinics 
are presented. The guidelines are divided into two main parts, addressing the two most 
important areas for the patients: the wards of the transitional model and the therapy area of 
the clinic. Other recommendations include the common areas and the vertical connections 
within the building.  
The given recommendations consider the two main analysed aspects of the built environment 
of rehabilitation clinics: barriers and facilitators to mobility. The point of departure for this 
catalogue of guidelines is the finding that the built environment is experienced in a very 
different way by patients with different mobility levels. Therefore, some patients can benefit 
from certain barriers, while others need them to be non-existent. For one group of patients, a 
mobility facilitator might be an inviting common space within the clinic, while a simple handrail 
on the wall could be a significant mobility facilitator for another patient group. These changing 
needs of patients on their transition towards mobility and recovery are embedded in the 
presented design recommendations.  
6.2.1 Ward design  
The recommendations for the three ward types of the transitional model start with the general 
characteristics of each ward are then divided into 6 areas that were investigated in this 
research study: wayfinding, distance, dimensions, floor, physical obstacles and common 
rooms. The guidelines for the therapy area are divided into 5 categories: wayfinding, 
dimensions, distance, floor and physical obstacles. All guidelines for different ward types and 
therapy areas are presented both in the form of an illustration (plan, section, 3D image) and in 
the textual form, often referencing the results obtained in this research study. The presented 
catalogue of design guidelines for mobility-supporting rehabilitation clinics includes the 
guidelines 
The guidelines on the ward design are based on the previously discussed transitional model. 
This proposed model includes the three main ward types for patients of different mobility 
abilities and a Level 0 ward, which does not exist in all rehabilitation clinics. The Level 0 ward 
is an intensive care ward, usually present in the form of a stroke unit within a rehabilitation 
clinic. Only the general recommendations are given for this ward type since it was not a subject 
of investigation in this research study. The recommendations for the other three ward types 
are detailed and based on the main results of this research study. 
The recommendations given for each ward type are intended not to limit the creativity in 
architectural design, but only to give guidelines on how to design specific ward elements in a 
way that supports patients‘ mobility. Therefore, the recommendations are not offered in the 
form of a perfect ward model that would fit all clinics, but rather as a set of guidelines focusing 
on particular elements in the stroke patients‘ wards that could be incorporated to enable and 
support patients‘ independent mobility. 
  
188  
GENERAL CHARACTERISTICS 
LEVEL 0 
Patient type: bedridden patients 
Main rehabilitation goal: medical stabilisation 
N for home 
Number of patient beds: 8 - 12 
Certain rehabilitation clinics have a special kind of ward for more intensive stroke care. This 
ward type is not a standard in all rehabilitation clinics. Patients that are accommodated in these 
wards belong to the early rehabilitation stage. Early rehabilitation patients are characterized 
by a high need for intensive medical treatment. They are usually completely dependent on 
medical stuff and require mechanical ventilation to maintain vital functions.  
As the intensive care wards were excluded from the empirical research in this PhD study, the 
design recommendations based on the study results cannot be given. Therefore, the catalogue 
of guidelines can be applied to other three ward types. Only general principles of intensive 
care wards could be applied further, but they are based purely on the observations and 
analysis of the existing examples and not on the solid research results. 
The intensive care ward type, as discussed previously, needs to be designed to offer quick 
and easy access of nursing staff to patient rooms and also an opportunity for easy and constant 
monitoring. Therefore, these wards should be organised on a circular principle, with the nurses’ 
station in the centre and the patient rooms radially positioned around this central core (Figure 
71). This kind of layout provides an easy overview of patient rooms and enables the nurses to 
reach patients quickly in case of various emergencies. 
          
The recommended radial ward principle can be embodied in different spatial configurations, 
such as a square ward or a circular ward (Figure 71). The layout of this ward would depend on 
the spatial configuration of the other parts of the rehabilitation clinic and the clinic as a whole. 
Patients that are in the most vulnerable health state should be accommodated in the rooms 
that are the closest to the nurses’ station, for constant monitoring and care.   
Figure 71: Schematic configurations of the intensive care wards 
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The patients in the intensive care wards need to be accommodated in a way that provides the 
nursing staff with easy monitoring of all patients and quick access in case of emergency. All 
rooms on this ward should also have a possibility of isolation in case that a patient brought of 
acquired an infection that is potentially dangerous for other patients. The recommended 
functional units in this ward type and their connections are shown in Figure 72. Patients can 
be placed in single rooms in case of needed isolation as a result of infections. Otherwise, 
patients should be accommodated in double patient rooms. Large nurses’ station is needed 
on the ward, equipped with the nurses’ common room and the physician’s office. The entry 
corridor to this ward has to be minimum 2,5 m wide for easy access of medical staff transporting 
patients in beds.  
                         
Figure 72: Scheme of recommended connections between the functional units in a Level 0 ward 
Other necessary rooms on the ward are a therapy room connected to the storage room and a 
bathing room for immobile patients. Most patients in early rehabilitation receive their therapies 
in bed, but a separate therapy room is needed for more complex therapies and when more 
space of privacy is needed for a patient. This ward should also be directly connected to the 
stairs and elevators. The intensive care wards should be kept small in terms of patient numbers 
since the constant care is required from the nurse and the workload is much higher than in the 
other ward types. Hence, it is recommended that between 8 and 12 patients are 
accommodated in this ward type.  
Since not all clinics have this kind of ward and since patients in these wards are bed-confined 
and not mobile, these wards were excluded from this research study. Therefore, no further 
examination of the intensive care wards was made and the design guidelines for this ward type 
are limited to only functional unit organisation and the schematic configuration. The given 
recommendations on the functional unit sizes and connections, as well as on the schematic 
configurations, emerged from the observations of the existing examples in the participating 
rehabilitation clinics. 
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GENERAL CHARACTERISTICS 
LEVEL 1  
Patient type: bed-ridden patients and patients using a wheelchair 
Main rehabilitation goal: mobilisation and activation 
 
Number of patient beds: 10 - 16 
 
Patients that are intended to be accommodated in the Level 1 wards are at the beginning of 
the rehabilitation process and have severe functional impairments. The Level 1 ward would, 
therefore, be most suitable for patients belonging to the rehabilitation Phase B with a lower 
Barthel Index. These patients are usually bed-confined or using a wheelchair, very dependent 
on the staff, and not able to cover long distances. Patients belonging to rehabilitation phase C 
with severe cognitive impairments could also benefit from being placed into the Level 1 wards. 
The main recovery goal of this ward is mobilisation and activation of patients. This more 
specifically means enabling patients to start using a wheelchair and to move around in the 
controlled environment of their wards, under the supervision of the medical staff. Patients that 
are already able to cover short distances in a wheelchair could also visit the therapies on their 
own, provided that the therapy area is in the recommended distance radius from the ward.  
The primary goal of the built environment in the Level 1 wards should be to provide a barrier-
free space that is easy to navigate, with short distances between rooms. Stroke patients that 
are at the beginning of their rehabilitation usually suffer from complex impairments that limit 
their mobility ability and therefore increase the difficulty of independent movement in the built 
environment. By removing the barriers and physical obstacles, as well as reducing distances 
between spaces, the patients are given the opportunity to exercise their independent mobility 
within the range of their abilities. This ward type would enable patients to gain mobility 
independence by exercising the independent use of a wheelchair on short distances, which 
would greatly help them in their recovery process. 
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SCHEME OF CONNECTIONS 
Central functional units in a Level 1 ward are the nurses’ station with the nurses’ common room 
and the dining/living room for patients (Figure 73). These spaces need to be closely connected 
so that nursing staff can easily monitor patients in the dining/living room and help them during 
meal times. Since the patients in this ward are bed-confined or learning how to use a 
wheelchair, they will have their meals served in their rooms or the dining/living room on the 
ward and they will not use the main clinic’ restaurant on a daily basis. 
 
Figure 73: Scheme of recommended connections between the functional units in a Level 1 ward 
The small and easily accessible therapy room is needed on the ward for patients that are not 
able to go to the main therapy areas of the clinic. The bathing room is also needed for 
assessing and training the activities of daily living and for bathing the immobile patients in a 
safe environment. Since the majority of patients are using a wheelchair and often need to be 
transferred from their beds to a wheelchair, storage space on the ward is needed for 
transferring lifts and other necessary equipment. The storage space should be closely 
connected to the therapy room, for storing the additional therapy equipment. 
Some patients on this ward are bed-confined patients that often need mechanical ventilation. 
The rooms of these patients should be closely connected to the nurses‘ station, for easy 
monitoring and quick access. A physician’s office should also be planned on the ward, closely 
connected with the nurses‘ station.  
Level 1 wards should be placed near the main therapy area (Figure 70), to avoid the 
unnecessary use of the transfer service and to enable the patients in a wheelchair to, when 
possible, reach the therapies independently. These wards should also be near the exit to the 
outdoor area of the clinic (Figure 70). Since most patients are limited in their mobility, close 
and easy access to the outdoors would allow them to spend more time outdoors, which would 
be beneficial for their well-being.  
These general characteristics of the Level 1 ward are followed by a catalogue of architectural 
guidelines. The specific architectural design guidelines are divided into six categories, based 
on the main results of this research study. The catalogue categories are wayfinding, distance, 
dimensions, floor, physical obstacles and common rooms. Design recommendations for each 
category are given in the form of a visual and textual explanation. The goal of these guidelines 
is not to offer a fixed solution for the design of the whole ward, but to emphasize the spatial 
elements that need to be taken into account to when designing this type of ward. 
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WAYFINDING 
 
 
1.1.1 Straight corridor 
It is common for stroke patients that would potentially be accommodated in Level 1 wards 
to suffer not only from physical impairments limiting their mobility but also from severe 
cognitive impairments. For this reason, the corridors of these wards should be designed as 
simple and clear as possible. This more specifically means that the shape of the corridor 
should be completely straight, without any angled or curved walls and segments. 
Introducing the angle or a curve into the corridor layout would create an environment where 
the whole corridor cannot be seen from all of its parts. This kind of design is likely to 
generate significant wayfinding challenges for the patients in Level 1 wards. 
1.1.2 Asymmetrical layout 
Stroke patients were found to often 
encounter issues with finding their 
way in the clinic when the corridors 
were symmetrical in the decision 
nodes (see 4.2.2.2). Therefore, 
highly symmetrical layouts should be 
avoided, especially in the areas with 
Level 1 patients. This kind of layout 
results in corridors being similar in the 
decision nodes, which makes them 
immensely challenging for wayfinding 
of patients recovering from a stroke. 
1.1.3 Asymmetrical corridors 
Corridor similarity and symmetry was found to 
be a repeating pattern in places where patients 
encountered wayfinding issues (see 4.2.2.2). 
Another common pattern was that patients 
usually had problems to find the right way when 
they had to choose between two directions, 
usually turning left of right (see 4.2.2.2.2). This 
most likely occurred due to the corridors being 
similar. As a result, the patient could not decide 
which way was the right way to go. Therefore, 
the similarity of corridors in the decision nodes 
should be completely avoided.  
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    WAYFINDING 
1.1.4 Corridor asymmetry 
Corridors should have clearly different endings, marked with a spatial element, such as a 
widening at the end with a large window and a seating area (illustration on the left), or with 
a contrasting colour, different materialisation, etc. A straight wall could be used for leading 
the way and making the orientation easier (illustration on the left). The recessed areas in 
the sidewalls can also be used to create different characters of the two corridor sides: 
corridor ending (illustration on the left) and corridor beginning (illustration on the right). 
Another strategy could be using different wall materials/colours for the two endings of the 
corridor so that a patient can clearly know where to go when they look out of their rooms. 
1.1.5 Nurses’ station and dining room as the ward’s centre 
The central area of the ward, where the patients’ dining 
room/common room and the nurses’ station is placed, 
needs to be clearly marked. This central area should be 
clearly visible from all parts of the corridor, for patients’ 
easier spatial orientation. This area should be marked by 
ceiling or wall accents or different materialisation. Since 
these two spaces are the most important in the daily 
functioning of a ward, they should be easy to find for all 
patients accommodated in any part of the ward. 
1.1.6 Clear door signs 
Numbers on patient rooms 
need to be clear and easily 
recognisable. Large simple 
numbers in colours that 
have good contrast to the 
door surface should be 
used and these symbols 
should be placed at the eye 
level of a wheelchair user. 
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DIMENSIONS  
 
1.2.1a Recessed storage areas 
Medical equipment, such as a wheelchair 
transfer lift, is often stored in ward 
corridors for easy and quick access. This 
practice reduces the usable width of the 
corridor and creates physical obstacles 
for the patients (see 4.2.3.3). Recessed 
storage areas can be used for storing 
equipment that is needed daily. 
 
1.2.1b Recessed rest areas 
Patients using a wheelchair often need to 
rest on their way. When stopping in the 
middle of the corridor, they can obstruct 
the usual patient and staff traffic. For this 
reason, some recessed areas can also be 
used as rest places for patients, to keep 
the corridor clear. They can also be used 
for the socialisation of patients. 
1.2.1 Minimum corridor width 
Since some patients in Level 1 wards will 
be bed-confined, the recommended 
minimum usable width for these ward 
corridors is 2,25 m. This recommended 
width satisfies the fire safety regulations 
for corridors where patients would be 
transported horizontally. The corridors 
need to stay free of all objects to satisfy 
the usable width of 2,25 m. 
1.2.2 Recessed areas 
The width of corridors in clinics is often 
reduced by adding different permanent or 
temporary objects (see 4.2.3.3). To keep 
this recommended corridor width 
completely clear and usable, the corridors 
could be widened in certain parts. This 
could be done by recessing the walls and 
creating small areas that could be used for 
different purposes.    
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DISTANCE  
 
1.3.1 Distances between spaces 
Since patients in Level 1 wards who are 
using a wheelchair are not able to 
independently cover long distances (see 
4.1.1.1), the total length of the corridor 
should not exceed 40 m. The distance 
from both ends of the corridor to the 
central ward area needs to be equal.  
1.3.2 Visual connections 
Patients in this ward are in a vulnerable 
health state and at the risk of falls and 
other accidents. For this reason, the 
nurses’ station needs to have a direct 
visual connection to the main dining/living 
room for easy and quick access and 
monitoring of patients’ behaviour. 
1.3.4 Handrails 
Many patients in Level 1 wards are 
wheelchair users that can cover certain 
shorter distances independently. A wall 
handrail should be mounted at the 85 cm 
height to help the patients’ mobility. The 
handrail needs to be painted in a 
contrasting colour to the wall to be visible 
for patients with vision impairments. 
 
 
1.3.3 Mechanically ventilated patients 
Some patients in the Level 1 ward will be 
mechanically ventilated and completely 
dependent on frequent nursing care. 
These most vulnerable patients should be 
accommodated in the rooms directly next 
to the nurses’ station for easy and quick 
access for intensive care on a daily basis 
and in case of complications. 
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FLOOR  
 
PHYSICAL OBSTACLES  
1.4.1 Avoiding reflective flooring 
Highly reflective flooring can create an 
illusion of water or other obstacle on the 
floor in contact with the sunlight (see 
4.2.5.4). Flooring in ward corridors should 
not be highly polished. The material used 
for flooring should also be durable to 
wheelchair use and slip-resistant. 
 
1.4.2 Avoiding carpet flooring 
Capet flooring creates friction between 
wheelchair wheels and the floor surface, 
which makes it challenging for patients to 
overcome (see 4.2.5.4). The flooring 
needs to be smooth and level, flush with 
the flooring used inside patient rooms and 
low maintenance. 
1.5.2 Storage areas in the corridor 
Although there is usually a storage room 
on the ward, the equipment such as 
additional wheelchairs and transfer lifts 
are often left in the corridor since they are 
used on a daily basis. To keep the 
corridors free of obstacles, the recessed 
areas in the corridors can be used for 
storing the necessary equipment. 
1.5.1 Automatic doors 
One of the main identified physical 
obstacles was found to be heavy non-
automatic doors (see 4.2.6.4). For this 
reason, the automatic doors should be 
used between the ward corridor and the 
semi-public areas of the clinic, to ease this 
transition for patients using a wheelchair. 
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COMMON ROOMS 
1.6.1 Three types of common areas on the ward 
Patients in a Level 1 ward are not able to cover long distances to use the main common 
areas of the clinic. For this reason, they need a variety of different common areas on the 
ward for socialisation and spending time outside of their rooms. A large closed dining/living 
room is necessary since most patients would have their meals here or in their rooms. Other 
common areas could offer different views, art or plants, but they should also be visible and 
easily accessible for the nursing staff in case of emergencies and falls. For this reason, the 
common areas, except for the dining room, should be open towards the corridor. 
1.6.2 Access to the outdoors 
In case that the Level 1 ward is not on 
the ground floor and does not have easy 
access to the outdoors, the main living 
room should have an accessible, large 
enough balcony for bed-confined 
patients to be able to enjoy the fresh air 
under the supervision of the nurses. 
1.6.3 Accessible balcony 
If the balcony is designed on the ward. The 
railing should be transparent and below the 
eye level of wheelchair patients for a better 
view of the surroundings. The handrail is also 
necessary to be planned. The balcony’s 
threshold needs to be flush for accessibility 
of patients in wheelchairs and beds.   
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GENERAL CHARACTERISTICS 
LEVEL 2 
Patient type: independent wheelchair users and patients using a walker 
Main rehabilitation goal: regaining independence 
Number of patient beds: 14 - 18 
 
Patients that are intended to be accommodated in the Level 2 wards are the stroke patients at 
with less severe functional impairments, but still having significant mobility limitations. The 
Level 2 ward would be most suitable for patients with a lower Barthel Index in C Phase and 
patients with a higher Barthel Index in B rehabilitation Phase. These patients are usually 
independently mobile on short distances, with the use of mobility aids such as a wheelchair or 
a walker.  
The characteristic of patients in this ward is missing ADL competences. Therefore, the main 
recovery goal of patients in this ward type is to exercise and regain independence, not only in 
mobility and walking but also in the activities of daily living. Patients should be encouraged to 
visit therapies on their own several times per day and to exercise their mobility within the ward 
environment. This practice would provide an additional level of mobility training besides formal 
therapies. In this way, patients would exercise their independence, which is beneficial not only 
for their recovery process but also for their psychological well-being. 
The primary goal of the built environment in the Level 2 wards should be to provide an 
environment that is easy to navigate, offers a variety of common areas for socializing and 
provides an opportunity for mobility exercise. Patients accommodated in this ward type should 
be encouraged to have meals in the main restaurant in the clinic. For this reason, the main 
dining/living room on the ward would not be used as the main dining room during meal times, 
but as a space for socialisation and a self-serving café. Patients could, therefore, meet other 
patients, their families and visitors in this living/dining room environment. This space could also 
be used for the ADL training of patients from that particular ward. 
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SCHEME OF CONNECTIONS 
The main functional units within a ward are the dining/living area and the closely connected 
nurses’ station for easy monitoring and access (Figure 74). The nurses’ station needs to be 
close to the nurses’ common room and the physician’s office. Since all patients on this ward 
use some kind of mobility aid to move around the clinic, a storage room is needed to store all 
the necessary equipment on the ward. 
 
Figure 74: Scheme of recommended connections between the functional units in a Level 2 ward 
The living/dining area on this wards is divided into different spaces, one large room close to 
the nurses’ station that serves as the main living room and socializing space and other smaller 
common spaces. These smaller spaces would offer a variety of opportunities for socialization 
with patients and visitors or time spent alone outside of the patient’s room environment.  
Since patients on this type of ward do not suffer from contagious infections, there is a possibility 
for both single and double patient rooms. It is not yet clear which type of room occupancy 
would be the most beneficial for stroke patients, but the limited evidence suggests that patients 
in single rooms have significantly lower levels of physical activity. As maximisation of physical 
activity is crucial in Level 2 wards, the possibility of double patient rooms should not be 
excluded as an option in the wards of the Level 2 type. 
Level 2 wards should be placed near the main therapy area (Figure 70), for all patients to be 
able to attend therapies on their own, without the help of the transfer service. These wards 
should also be near the main restaurant in the clinic so that all patients can attend meals there 
independently. Other areas that should be connected to Level 2 wards are the outdoor area of 
the clinic and the variety of common rooms, such as a library, game room, etc. This variety of 
outdoor and indoor areas would offer many opportunities for patients to spend their free time 
being active and outside of their rooms, which would be beneficial for their rehabilitation 
progress and their psychological well-being. 
Similarly to the guidelines for Level 1 wards, the specific architectural design guidelines that 
follow are divided into six categories: wayfinding, distance, dimensions, floor, physical 
obstacles and common rooms. Design recommendations for each category are given in the 
form of a visual and textual explanation. 
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WAYFINDING  
2.1.1 Corridor asymmetry 
Corridors in Level 2 wards should be designed following a similar concept to the Level 1 
wards: simple and clear straight corridor with various orientation cues. Corridors should 
have clearly different endings, marked with a special spatial element, such as a widening 
at the end with a large window and a seating area (illustration on the left), or with a 
contrasting colour, different materialisation, etc. The orientation cues in Level 2 wards 
should be more complex than in Level 1 wards. The network of common rooms and corridor 
extensions (recessed parts of the wall) can be used as a layer of wayfinding cues by patients 
that don’t have severe cognitive impairments. A variety of different open and closed 
common spaces should be designed, where both ends of the corridor would have a specific 
space, recessed area or a room as a significant landmark for wayfinding. 
 
2.1.2 Variety of common rooms 
The orientation and placement of common 
areas within the ward, together with their 
varying sizes and design concepts, could 
be used to create a different identity for 
each of the common spaces. These 
identities could be used as cues and 
landmarks for patients’ wayfinding. Central 
space in the ward is planned to be taken 
by the main living room and the other 
common areas should mark and other 
different parts of the ward. 
2.1.3 Visual cues 
Sightlines should be used as a design 
element in the ward corridor. Patients 
should always be able to see cues to help 
them understand where they are within 
the ward and how to find their own room. 
For this reason, the patients’ rooms 
should be clearly marked and the various 
common spaces should be given 
different identities. Patients should, 
therefore, always have an overview of the 
whole corridor space. 
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2.2.2b Recessed rest areas 
Patients that would be accommodated in 
Level 2 wards are using a wheelchair or a 
walker and often need to rest on their 
way. When stopping in the middle of the 
corridor, they can obstruct the usual 
patient and staff traffic. For this reason, 
the open recessed areas could be used 
as rest places for patients, to keep the 
corridor clear. They can also be used for 
patient socialisation. 
 
2.2.2a Hidden recessed storage areas 
The practice of leaving the equipment and 
additional mobility airs in the corridors 
reduces the usable width of the corridor 
and creates physical obstacles for the 
patients (see 4.2.3.3). Recessed storage 
areas can be used for storing equipment 
that is needed on a daily basis. These 
areas can be smaller than in Level 1 
wards and also hidden behind doors that 
have continued handrails installed. 
 
2.2.1 Minimum corridor width 
Patients in Level 2 wards are not bed-
confined, so the recommended minimum 
usable width for these ward corridors is 
2,00 m. This recommended width satisfies 
the fire safety regulations for corridors 
where patients would not be transported 
horizontally. The corridors need to stay 
free of all physical objects, such as the 
equipment or chairs to satisfy the clear 
usable width of 2,00 m. 
 
2.2.2 Recessed areas 
The width of corridors in clinics is often 
reduced by adding different permanent or 
temporary objects (see 4.2.3.3). To keep 
this recommended corridor width 
completely clear and usable, the walls 
could be recessed to create small areas 
that could be used for different purposes. 
These areas should be smaller compared 
to the Level 1 wards since less medical 
equipment is used daily. 
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2.3.1 Distances between spaces 
Patients in this ward still have significant 
challenges with covering longer distances 
(see 4.2.4.5). For this reason, the total 
length of the ward corridor should not 
exceed 55 m. The nurses’ station should 
be centrally positioned in the ward. 
2.3.2 Visual connections 
Since patients are still in a vulnerable 
health condition, the nurses’ station 
should have a direct visual connection to 
the main dining/living room, for quick and 
easy access if their help is needed and in 
the case of emergencies and falls. 
2.3.4 Double handrails for training 
Since the main goal of this ward is 
recovering independence, double wall 
handrails should be mounted for the 
purpose of mobility training of semi-
ambulant patients and patients using a 
wheelchair, one at a 75 cm height and the 
other at 95 cm height from the finished 
floor surface. They also need to be 
painted in a contrasting colour to the wall 
for visually impaired patients. 
2.3.3 Dependent patients 
The characteristic of Level 2 patients is 
the missing ADL competences, which 
makes the patients dependent on frequent 
nursing care. Therefore, the more 
dependent and vulnerable patients should 
be accommodated in the rooms directly 
next to the nurses’ station. This would 
provide nurses with quick access to 
patients that need their help for basic ADL 
activities on a daily basis.. 
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PHYSICAL OBSTACLES  
2.4.1 Avoiding reflective flooring 
Highly reflective flooring can create an 
illusion of water or other obstacles on the 
floor in contact with the sunlight (see 
4.2.5.4). Flooring in ward corridors should 
not be highly polished. The material used 
for flooring should also be durable to 
wheelchair and walker use and slip-
resistant. 
 
2.4.2 Avoiding carpet flooring 
Capet flooring creates friction between 
wheelchair or walker wheels and the floor 
surface, which makes it challenging for 
patients to cover longer distances (see 
4.2.5.4). The flooring in the corridors 
needs to be smooth and level, flush with 
the flooring used inside patient rooms and 
low maintenance. 
 
2.5.2 Storage areas in the rooms 
Some equipment, such as the walkers 
and additional wheelchairs could be 
stored in the designated areas within 
patient rooms. These areas could be 
placed by the doors for by easy access for 
patients that are usually mobile without 
mobility aids on shorter distances or for 
the medical staff assisting the patient.  
 
2.5.1 Storage areas in the corridor 
Although there is usually a storage room 
on the ward, the equipment such as 
additional wheelchairs and transfer lifts 
are often left in the corridor since they are 
used on a daily basis. To keep the 
corridors free of obstacles, the proposed 
recessed areas in the corridors can be 
used for storing this equipment. 
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2.6.1 Variety of common rooms 
Patients in this ward should be equipped with a variety of smaller common spaces that 
would motivate them to spend more time outside of their rooms and socialising with other 
patients. The large dining/living room on the ward should be smaller than in the Level 1 
ward since most of the patients in Level 2 wards would be having their meals in the main 
clinic’s restaurant. Hence, the dining/living room should have a small kitchen/self-service 
area with a coffee machine, so that patients can use it as a gathering place in their free 
time. The other common areas should offer different views and various opportunities to sit 
together with other patients and visitors or alone. The common areas in this ward are 
intended to encourage the emergence of smaller patient communities on the ward. 
2.6.2 Shared common room 
Level 2 and Level 3 wards should have a 
shared common area where patients with 
lower mobility could get inspiration and 
motivation while seeing and mixing with 
the patients that are in the stage of 
preparing to go home. Two or more wards 
could share this common space, that could 
be organised to connect these wards in 
various spatial configurations.  
2.6.3 Motivating vistas 
Level 2 wards could be spatially oriented in 
a way to have direct views towards the 
main therapy areas. These views could be 
from the ward corridor or the main common 
room on the ward. Seeing other people 
exercising and progressing is considered 
by the medical staff as especially 
motivating for stroke patients in this phase 
of regaining independence. 
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LEVEL 3 
Patient type: patients using a walker and patients that are independently walking 
Main rehabilitation goal: preparation for going home 
N for home 
Number of patient beds: 16 - 22 
 
Patients that are intended to be accommodated in the Level 3 wards are the stroke patients 
with minor functional impairments who are at the end of their rehabilitation process and that 
are preparing for going back home. The Level 3 wards would be most suitable for patients in 
the rehabilitation Phase D. Patients in a rehabilitation Phase C with minor functional 
impairments could also benefit from being accommodated in a Level 3 ward. These patients 
are usually independent in the activities of daily living and they can walk independently, 
sometimes with the help of a walker.  
The main recovery goal of this ward is preparing the patients for going home, which more 
specifically means exercising the full independence of patients, not only in the therapies but 
also in the daily life on the ward. Family members could also be participants in patients’ training 
towards independence. 
The primary goal of the built environment in the Level 3 wards should be to provide a 
community-like environment with opportunities for socialisation with other patients and family 
members, as well as for withdrawal. For this reason, this ward type is organised as a large 
apartment with single bedrooms for each patient and the shared common spaces and a large 
central common area. This central common area is also equipped with a kitchen and facilities 
that are necessary for patients to practice their daily activities with the therapists or their 
families. In this way, the clinical atmosphere of a clinic’s ward is replaced with a more home-
like environment, with the goal of preparing patients for going back to their normal lives.  
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Since patients on this ward and mostly independent and not in the need of constant monitoring 
and care, the proposed functional units of the ward differ significantly from the Level 1 and 
Level 2 wards. Hence, the nurses’ station and common room are proposed as optional on the 
Level 3 ward. Main functional units on this ward are patient rooms, central kitchen area and 
the living rooms (Figure 75). Storage spaces are also needed on this ward type, for storing the 
additional equipment and for keeping the corridors free of obstacles. 
 
Figure 75: Scheme of recommended connections between the functional units in a Level 3 ward 
Another difference from the Level 1 and Level 2 wards is that the presence of stairs and 
elevators is not necessary on the ward itself, but it recommended that they are placed near the 
ward. Especially the stairs are important for the patients in this ward type since they are often 
used by patients for exercising mobility when going to meals and therapies on different building 
levels. 
The proposed organisation of the Level 3 ward resembles a structure of a shared apartment, 
creating a different atmosphere from the other two proposed ward types. This concept 
introduces the ward as a “living space“ where patients have their own rooms and socialise with 
their small patient community, without the constant supervision of nurses. At the same time, 
the main therapy area, the main restaurant and other common areas within the clinic are placed 
outside the ward. This ward concept could be referred to as a hotel-like concept, where patients 
live in the ward and go to “work” each day in the therapy areas of the clinic.  
Since the concept of the ward is hotel-like, the spatial connections between various functional 
units and the Level 3 wards can be longer than in other wards. The patients in this ward type 
can walk independently and the longer distances between spaces they have to visit on a daily 
basis, such as a restaurant or therapy rooms, and their wards would give them an opportunity 
for additional training of mobility and wayfinding. This kind of exercise would help in preparing 
patients for returning home, since the usual living and community environment is much less 
controlled than the clinical atmosphere, with more barriers, more challenging wayfinding and 
longer distances between spaces. 
In the same way as the guidelines for Level 1 and 2 wards were organised, the design 
guidelines are divided into six categories: wayfinding, distance, dimensions, floor, physical 
obstacles and common rooms, based on the main study result. Design recommendations for 
each category are given in the form of a visual and textual explanation. 
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3.1.1 Corridor asymmetry 
The wards in the Level 3 corridor do not need to be strictly straight in form, compared to the 
two previously presented ward types. The patients accommodated in the Level 3 ward are 
preparing to go back home and for this reason, they need to exercise wayfinding in a more 
advanced spatial setting than in the Level 1 and Level 2 wards. The corridors endings 
should still be kept different to avoid symmetry, which was found to be a likely cause of 
wayfinding issues of all patients (see 4.4.4.4). The different common areas should have 
different identities to help patients remember where they are and orientate in space 
(illustration on the left). The central area of the corridor should be designed as a special 
area that would serve as the main orientation point for patients of this ward. The design of 
the central ward area is further discussed in the recommendations 3.1.2 and 3.6.1. 
3.1.2 Communal kitchen as the ward’s centre 
The central space in the Level 3 ward is 
planned to be a communal area for the 
patients of that ward. This communal area 
should work as the main landmark in the 
ward, to help with patients’ wayfinding, but 
also as a central gathering space that it is 
easy to find for all the patients. The kitchen 
and the adjacent dining/sitting area should 
have a specific identity, embodied in 
different furniture, colour, materialisation, 
etc.compared to the other ward areas. 
3.1.3 Variety of common rooms 
The common areas offered in the Level 3 
wards need to be designed with specific 
characters, views, materialisation and/or 
furniture arrangements. In this way, each 
common room would have each own 
identity that it can be recognised for. This 
variety of common room identities in the 
ward can serve to train patients’ 
wayfinding, with the use of more complex 
landmarks than in the other two wards. 
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3.2.1a Minimum corridor width 
Patients in Level 3 wards are not bed-
confined, nor they are wheelchair users. 
The main users of this wards would be the 
patients using a walker and patients that 
can walk independently. For this reason, 
the recommended minimum usable width 
for these ward corridors is 2,00 m. The 
corridors need to stay free of all physical 
objects, such as the equipment or chairs 
to satisfy the clear usable width of 2,00 m. 
3.2.1b Minimum corridor width 
The corridor width that was recommended in 
the recommendation 3.2.1a applies only to 
corridors where no seating areas are 
planned in the corridor itself, but in the 
adjacent rooms. If chairs and seating 
arrangements are planned to be placed in 
the corridor, the recommended width of the 
corridor should be increased by 50 cm or by 
the width of the seating area, in case that the 
chairs are wider than 50 cm.  
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3.3.1 Distances between spaces 
The Level 3 wards are longer than the 
other two types due to the larger number 
of rooms. The whole ward is organised on 
a principle of a shared apartment, with 
single-patient rooms and shared kitchen 
and living rooms. The communal kitchen 
should be placed in the centre of the ward. 
3.3.2 Spatial connections 
The central two common areas in the 
ward, the communal kitchen and the 
common room/dining area, should be 
both spatially and visually connected, 
since they are forming a social core of the 
ward, not only for patients but also for 
patients’ families and visitors. 
3.3.4 Handrails 
Some patients of Level 3 wards are 
planned to be walker users who still 
require mobility support when covering 
longer distances. For this reason, the wall 
handrail should be mounted at the height 
of 85-95 cm from the floor surface. The 
purpose of this wall handrail is to assist 
patients in walking long distances and 
exercising their mobility. It should be 
painted in a contrasting colour to the wall. 
3.3.3 Nurses’ station outside of the ward 
Since patients accommodated in this ward 
type are mostly independent in the 
activities of daily living, the nurses’ station 
does not need to be placed within the 
ward. It is recommended that two or 
maximum three Level 3 wards could share 
the same nurses’ station since these 
patients do not need constant care and 
attention as the patients in Level 1 and 
Level 2 wards.  
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3.4.1 Avoiding reflective flooring 
Highly reflective flooring can create an 
illusion of water or other obstacles on the 
floor in contact with the sunlight (see 
4.4.4.4). Flooring in ward corridors and 
other areas should not be highly polished. 
Since this ward will accommodate 
patients with walkers, the material used 
for flooring should also be durable to 
walker use and slip-resistant. 
 
3.4.2 Optional carpet flooring 
Capet flooring could be considered in 
common rooms on the ward, since carpet 
could reduce ambient noise and create a 
more pleasant and homelike atmosphere 
in the spaces where patients socialise. 
Since patients in this ward have a high 
level of mobility, the carpet surfaces 
placed only in common rooms would not 
create significant mobility barriers. 
 
3.5.2 Storage areas in the rooms 
Besides the main storage rooms, patients‘ 
walkers could be stored in the designated 
areas within patient rooms. These areas 
should not obstruct the path towards the 
door. They could be placed close to the 
doors for easy access for patients that are 
usually mobile without mobility aids on 
shorter distances. 
 
3.5.1 Storage room 
Since patients in the Level 3 ward are 
usually sufficiently independent and 
mobile, the wheelchair transfer lifts and 
similar equipment is not necessary on the 
ward. Hence, a usual separate storage 
room should be sufficient for storing all the 
needed equipment and additional mobility 
aids on the ward. 
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3.6.1 Variety of common rooms 
The Level 3 wards are organised on a principle of a shared apartment, with single-patient 
rooms, a communal kitchen with dining area and shared common areas. This ward should 
offer a variety of common areas that can be more closed in character, reminding of usual 
living rooms at home. They could have different furniture arrangements to allow for patients’ 
socialisation, playing board games, solitary sitting or for meeting with family and other 
visitors. They should also provide different views to the outdoors, plants or art. In this way, 
the ward environment offers the opportunity of creating small patient communities for 
socialising (see 4.4.4.4), as well as spaces to spend time with family and visitors outside of 
the patient room atmosphere.  Since they are fairly mobile, patients in this ward could also 
use all other shared common areas in the clinic, such as a cafeteria, library, etc.  
3.6.3 Shared common rooms  
Besides the proposed variety of common 
rooms on the Level 3 ward type, larger 
common areas should be planned to be 
shared between multiple wards of the same 
type and also between Level 2 and Level 3 
wards (see the recommendation 2.6.2). 
The variation of common rooms is planned 
with the goal to offer a wide range of 
different environments for patients to visit 
and experience during their free time and to 
be more active and mobile as a result. 
 
 
3.6.2 Communal kitchen and dining area 
The proposed communal kitchen is a 
space to exercise the ADLs necessary for 
returning home, such as eating and 
cooking. These activities would be 
performed together with a therapist, but in 
a less clinical atmosphere, preferably in 
the presence of family members. This area 
can also be a place to prepare food and 
eat together with family and other visitors, 
without the presence of therapists, as a 
way of exercising and socialising. 
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6.2.2 Therapy area design 
Neurological rehabilitation clinics have a complex program of therapies that patients attend 
daily. These different kinds of therapies need to be spatially accommodated in a certain way 
within the clinic (see 1.3.3.5.1), to satisfy the requirements of the therapy program. Since the 
rehabilitation therapy offer is so large and complex, the rooms that accommodate it take a 
significant percentage of the total buildings‘ surface. The therapy area is, therefore, the largest 
area in rehabilitation clinics after the patients’ accommodation (wards). 
The way all the therapy rooms are planned differs from clinic to clinic. Commonly, all the 
different therapies are scattered within the rehabilitation clinic’s building. There are many 
possible reasons for this practice, such as the different spatial needs of different therapies (a 
large sports hall for sports therapy or a small office for single patient neuropsychological 
therapy), the growth of the clinic over a long period, adaptations from other functions, etc. As 
a result, various kind of therapies can be placed in different parts of the building. Patients 
attending daily therapies sometimes need to travel from one part of the building to the other, 
covering long distances and potentially encountering physical barriers. This kind of design 
concept can have many disadvantages for patients, especially the ones using mobility aids 
and having more severe physical and cognitive impairments.   
Since the decentralised design of therapy rooms can bring serious disadvantages for patients, 
such as the necessity of the transport service bringing patients to and from therapies, this kind 
of design is not recommended for neurological rehabilitation clinics. The main design aim for 
therapy rooms should be to group them and create a centralised therapy area that all patients 
would visit (Figure 76). This therapy centre could be spread on multiple floors, but it should be 
easy to find and recognisable. The therapy centre should be designed with a specific identity, 
different from other parts of the clinic, to help with the patients’ wayfinding performance. This 
kind of design would create only one specific area in the building that patients need to visit 
every time they have a therapy appointment. 
 
Figure 76: Decentralised vs. centralised therapy area concept 
This research study did not focus on the design of therapy rooms, but on the circulation areas 
within the clinic. As a result, the architectural guidelines are oriented towards the design of 
corridors, mainly the paths between the wards and therapy areas. These are the most 
significant paths for patients since they have to visit the therapies more times per day, usually 
on every weekday during their stay at a rehabilitation clinic. These paths should, therefore, be 
designed carefully and systematically, to remove mobility barriers for patients and to allow 
them to exercise their mobility on the way to therapies. 
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4.1.3 Orientation cues 
As already highlighted in the previous recommendations, the number of decision nodes on 
the paths to the therapy area should be maximally reduced. Different identity and visual 
character should be created in the different corridor parts at each decision node. Various 
kinds of landmarks could be used to provide orientation cues and memorable locations. The 
landmarks could be provided by widening the corridor and creating a more open space, 
creating different environments with the use of plants, art, seating areas, materialisation, 
colour, etc. Therefore, the paths need to be well planned and clearly structured.  
4.1.1 Avoiding multiple decision nodes 
Patients should not be given too many choices 
in navigation on the way to therapy. The 
common number of decision nodes was found 
to be 4 on the paths where observed patients 
encountered wayfinding issues (see 4.2.2.2.3). 
The number of decision nodes on the paths to 
therapy from especially Level 1 and Level 2 
wards should be reduced to three or less. 
4.1.2 Clear paths 
The patients were found to encounter 
the most wayfinding issues on the 
way to therapy (see 4.2.2.1). These 
paths should be designed as clearly 
as possible. This more specifically 
means avoiding angled and curved 
corridors, as well as a large number of 
decision points. 
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4.1.6 Orientation cues at elevator exits 
Corridors should be given different identities at the corridor exits and corridor symmetry 
should be avoided (see 4.2.2.6). These different identities should be created to help the 
patients remember where they need to turn, reducing the wayfinding challenges within the 
building. Different corridor configurations and dimensions, corridor widenings and space 
openings, different views or various landmarks could be used to establish these different 
identities. These special spatial elements serving as orientation cues should be in patients‘ 
sight lines when exiting the elevator, to show what's ahead and to help spatial orientation. 
4.1.4 Elevator exits  
Patients were found to 
encounter wayfinding 
issues when the 
corridors directly at the 
elevator exits were 
designed in the same 
way on all floors (see 
4.2.2.4).  
4.1.5 Different environments at elevator exits 
To minimise the wayfinding challenge when all the floors look 
completely the same at the elevator exits, the floors should be 
designed in different ways in this area. The use of different 
landmarks or the corridor configurations could be the ways to 
differentiate the floors at the elevator exits. For example, on 
one floor there could be a simple situation of left and right 
corridor (left illustration), on the other there could be a larger 
open space with more possible directions (right illustration). 
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4.2.2b Width of corridors 
The minimum width of 2,30 m is 
necessary for corridors where the 
chairs are added since the addition 
of chairs to a narrower corridor 
would create mobility issues for 
patients (see 4.2.3.2). Since 
patients going to therapies have 
different mobility levels and use 
various mobility aids, they need 
enough clear space to pass the 
other patients on the way. 
 
4.2.1b Therapy corridor width 
Patient traffic or waiting are not the 
only activities occurring in therapy 
corridors. These corridors are also 
used for walking therapy of semi-
ambulant patients. The presented 
schematic section illustrates why 
the width of 2,80 cm is necessary 
to accommodate all patients’ 
activities in the corridor: waiting, 
passing through and exercise.  
4.2.2a Width of corridors leading to therapy 
All the clinic’s corridors leading to the therapy area 
need to have a minimum clear width of 1,80 m. 
This is a necessary corridor width for two patients 
in wheelchairs to pass each other (Jocher & Loch, 
2012). To maintain this clear width, no chairs and 
other equipment should be added to these 
corridors. If chairs are planned in some areas of 
the corridor, the total width should be expanded to 
a minimum of 2,30 m, to keep a wide enough clear 
area for the unobstructed patients‘ traffic.  
4.2.1a Therapy corridor width 
Therapy corridors often don’t have suitable 
dimensions for the number of patients that use 
them at the same time. It is often necessary to add 
waiting chairs in the therapy corridor, which 
reduces the clear width of the corridor (see 
4.2.3.3). This addition of chairs has to be planned 
for in advance, by designing the corridor that is 
wide enough to allow for the unobstructed patents’ 
traffic. Therefore, the minimum recommended 
width for the therapy corridors is 2,80 m. 
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4.2.5 Minimum free surface area in front of the elevators 
Corridor areas in front of the elevators need to accommodate a large number of patients 
during the peak therapy and meal hours. These spaces can often obstruct patients’ usual 
traffic through the corridors since many patients waiting for the elevators and going out of 
the elevators would block their path (see 4.2.3.2). Firstly, a single elevator area that serves 
all the patients in the clinic should be strictly avoided (see Figure 77 and Figure 78). 
Secondly, a suitable surface area should be planned in front of the elevators, to enable 
patients that use mobility aids to have enough space to wait without fully blocking the path 
of the patients passing through the corridors. Minimum clear surface of 10 m2 should be 
planned in front of elevators when the corridor is adjacent to the waiting area. If the corridor 
is passing through the waiting area, the minimum surface of this area should be 16 m2. 
4.2.3 Spaces for wheelchair 
Wheelchair users in therapy corridors 
were found to encounter issues with 
parking their wheelchair during waiting 
time (see 4.2.3.2.). Thus, the whole length 
of the corridor should be occupied by 
waiting chairs. Since patients using a 
wheelchair are not able to use chairs, 
enough space needs to be planned for 
them in the therapy area corridors.  
4.2.4 Folding chairs and armrests 
When possible, folding chairs should be 
used in the corridors to reduce the 
occupied corridor surface during times 
when they are not being used. Any type of 
waiting chair used in the clinics‘ corridors 
must have solid armrests of at least 5 cm 
width, to assist older and less mobile 
patients with sitting down and standing up 
from a chair. 
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4.3.1 Distances between wards and therapy area 
Patients accommodated in the three proposed ward types have different mobility levels and 
different spatial needs. The least mobile patients require the central clinics’ therapy area to 
be close to the ward, in the radius of 40 m (see Figure 70). Level 2 wards, where patients 
are more mobile, but still have issues with covering long distances, also need to be placed 
in the proximity of the central therapy area. Patients in the Level 3 wards are the most 
mobile patients who are preparing to return home. These patients can be accommodated 
in wards that are more than 55 m away from the therapy area. This longer path can be used 
for important walking and wayfinding training for patients. In this way, patients would get an 
additional mobility exercise every time they had to attend therapies. 
4.3.3 Handrails 
Handrails in a contrasting 
colour to the wall surface 
should be mounted on the 
walls of all corridors in the 
clinic, at the height of 85 cm 
from the finished floor 
surface. The handrails are 
necessary to support the 
mobility of patients.  
4.3.2 Rest places 
Since stroke patients during rehabilitation, especially 
patients using mobility aids, are often not able to cover 
long distances (see 4.2.4.7), rest places need to be 
planned. These rest places are especially necessary for 
the corridors on the way from wards to therapies. These 
places could be small corridor widenings with spaces for 
wheelchair users and chairs with armrests. A resting 
space should be planned on every 20 - 30 m of the path 
towards the therapy area. 
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4.4.1 Avoiding reflective flooring 
Highly reflective flooring can create an 
illusion of water or other obstacles on the 
floor in contact with the sunlight (see 
4.2.5.4). Flooring in all corridors should 
not be highly polished. The material used 
for flooring should also be durable to 
wheelchair and walker use and slip-
resistant. 
4.4.2 Avoiding carpet flooring 
Capet flooring creates friction between 
the wheels of mobility aids and the floor 
surface, which makes it challenging for 
patients to cover longer distances (see 
4.2.5.4). The flooring in the corridors 
needs to be smooth and level, flush with 
the flooring used inside the adjacent 
therapy rooms and low maintenance. 
 
4.5.1 Automatic doors 
One of the main identified physical 
obstacles was found to be heavy non-
automatic doors (see 4.2.6.4). For this 
reason, the automatic doors should be 
used between the ward corridor and the 
semi-public areas of the clinic, to ease this 
transition for patients using a wheelchair. 
4.5.2 Clear corridor width 
The minimum recommended corridor 
width (see recommendation 4.2.2a) 
should be kept clear and without any 
obstacles. No unplanned objects should 
be added in the corridors after their 
completion. Seating can only be added in 
the corridors where the space for it was 
planned in advance. 
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6.2.3 Main common rooms 
The examined rehabilitation clinics suffered from the lack of inviting common spaces within the 
building and the number, design and placement of common spaces drastically varied between 
them. The results of the patients’ questionnaire indicate that clinics’ common spaces lack in 
variety and quality and that patients often don’t have a wide range of possible spaces to visit. 
Certain recommendations in the catalogue of guidelines focused on the common rooms and 
areas inside of the patients’ wards, but no recommendations were given for the common rooms 
shared by all patients and their visitors within the clinic. The recommended common areas that 
every rehabilitation clinic should include were listed in the scheme of connections between the 
functional units in a clinic (see Figure 70). The recommendations for the necessary common 
rooms/areas are given in this part of the chapter, not as design guidelines, but as the 
recommended design aspects that need to be considered when designing them (Table 56).  
Table 56: Spatial requirements for necessary common spaces 
Common room type Recommended size Spatial requirements 
Main cafeteria 
100 - 200 seats, 
depending on the 
clinic’s size 
The cafeteria should be planned as 
barrier-free, with tables and food 
serving area that are adapted to 
wheelchair users. An empty area of at 
least 30 m2 and an additional common 
room with seating should be planned 
adjacent to the cafeteria’s entrance 
since patients often gather and wait in 
front of the cafeteria before mealtimes.  
Main common room 30 - 50 seats 
This space should be connected with 
the entrance and reception area, or with 
the outdoor area of the clinic, offering 
views and possible exit to the outside. It 
needs to offer enough seating 
opportunities for patients or patients 
with their visitors. 
Smaller common spaces 5 - 30 seats 
Other common spaces could be 
distributed around the central areas of 
the clinic, to offer different opportunities 
for socialisation or isolation.  
Library 5 -15 seats 
This room requires a lot of natural light 
and single armchairs, where each 
patient could read in isolation. 
Game room 5 - 20 seats 
Specific furniture, such as large round 
tables for playing various board games, 
need to be planned. 
Outdoor area 
seating opportunities 
depending on the size 
of the available area 
The outdoor area needs to be barrier 
free and to offer enough shade and 
seating opportunities for rest. The 
outdoor seating furniture should have 
armrests. 
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The common areas discussed in Table 56 should be planned in all future clinics, together with 
the addition of various other spaces specific to each clinic, such as a crafts room, cinema room, 
dancing room, etc. These specific rooms can be planned according to the goals and resources 
of each particular clinic. The materialisation of the common spaces should give them different 
identities, which would significantly help with patients’ spatial orientation. Artwork and plants 
could also be used to improve the atmosphere in each of the spaces and complete their visual 
identity.  
6.2.4 Vertical circulation 
The central spatial element in this research study and the catalogue of design guidelines is the 
corridor, as the horizontal circulation area in the building. Another important circulation element 
in a rehabilitation clinic is the system of vertical connections within the building: stairs and 
elevators. Vertical connections are essential in rehabilitation clinics since they are large 
buildings with multiple floors. Therefore, it is necessary to plan the system of vertical 
connections in a way that will support patients’ mobility and not create mobility barriers.  
Rehabilitation clinics are often designed with one main vertical circulation core that connects 
all the floors and spaces of the clinic (Figure 77). This kind of design was found to often create 
immense patient aggregation during peak therapy and meal times. This large number of 
patients waiting for the elevators and going out of the elevators, most of them in wheelchairs 
or with walkers, would block the normal patient and staff traffic through the corridors (see 
4.2.3.2 and 4.2.3.5).  
 
Figure 77: Centralised vertical connection concept 
Having a central vertical circulation core can also be beneficial, especially for the wayfinding 
performance of patients and visitors inside rehabilitation clinics. Having a centrally positioned 
vertical core that is easily visible and accessible from the main clinics’ entrance would ease 
the spatial orientation for patients arriving to the clinic for the first time and for their families 
and visitors. Hence, a main vertical circulation core should be planned in rehabilitation clinics, 
positioned close to the main entrance and the reception and connecting all floors of the clinic.  
As previously discussed, this main vertical core brings challenges in terms of patient numbers 
and dimensions of corridors. To solve this issue and to relieve the main corridors/stairs from a 
large number of patients using them, the decentralised smaller vertical connections need to be 
planned (Figure 78). These smaller vertical connections should connect wards with the therapy 
area, main cafeteria and main common rooms. They are required to have stairs in addition to 
the elevator since ambulant patients sometimes prefer to take stairs for additional mobility 
training. For this reason, the stairs need to be included in the small vertical circulation cores. 
Therefore, the recommended concept for vertical connections is to design a central easily 
discoverable and recognisable area with main elevators stairs and additional smaller vertical 
circulation cores with an elevator and stairs. In this way, the total number of patients using the 
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main central core would be reduced and split between multiple vertical connection cores, 
relieving the corridors from a large number of patients simultaneously waiting for the elevators 
in the same place. 
 
Figure 78: Decentralised vertical connection concept 
6.2.5 Existing buildings 
The presented catalogue of guidelines is mostly targeting new rehabilitation buildings that have 
not yet been built. The proposed transitional model for rehabilitation clinics would be 
exceedingly challenging to apply in the existing buildings since this kind of model has to be 
planned in the first stages of the clinic’s design. Consequently, the division into three ward 
types and the architectural design guidelines for each of these wards cannot be directly applied 
in the existing buildings, except for newly built parts. If a rehabilitation clinic would be getting 
a building annexe that is only planned for one kind of patients that are similar to the description 
of patients in one of the proposed ward types, the recommendations for one of the ward types 
could be applied here.  
Although the proposed design model could not be directly applied to the existing buildings, 
many of the specific architectural guidelines could still be used to improve patients’ mobility.  
These guidelines are directed towards the choice of floor material (recommendations 1.4.1 and 
1.4.2), creation of orientation cues, such as the clearly marked nurses’ station 
(recommendation 1.1.5) and the use of room numbers on the doors (recommendation 1.1.6), 
the installation of appropriate handrails in a contrasting colour to the wall (recommendations 
1.3.4 and 2.3.4) or the installation of automatic doors (recommendation 1.5.1). All these 
recommendations could be implemented in the existing buildings with the minimal remodelling 
of the wards. The corridors leading from patient wards to therapy rooms could also be re-
designed more systematically, following some of the given guidelines. The minimal adaptations 
of the existing clinics would be needed to add new orientation cues (recommendation 4.1.3), 
spaces for parking wheelchairs and the folding chairs in the waiting area (recommendations 
4.2.3 and 4.2.4), to change the existing floor materials (recommendations 4.4.1 and 4.4.2) and 
to install the automatic doors on the path to therapy (recommendation 4.5.1). 
In case that the substantial remodelling of the clinic is possible and within the clinic’s budget 
and timeframe, the main mobility supporting elements of the proposed wards could be applied 
in the existing wards. If a rehabilitation clinic accommodated patients in mixed wards, the ward 
design could be adapted to suit the most vulnerable group of patients. This more specifically 
means that the wards should be designed following the guidelines for Level 1 or Level 2 wards. 
If the clinic accommodated patients in separate wards according to their rehabilitation phase 
(see 1.3.2 Neurological rehabilitation system), the wards of phase B patients should be re-
designed to follow the Level 1 ward recommendations and the wards of phase C patients 
should follow the guidelines for the Level 2 wards. The patients in the B and C phase are more 
vulnerable to the influence of the built environment because of their worse health state and 
their wards should have the highest priority for remodelling. The design concept of the Level 3 
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wards, that would be the most suitable for phase D patients, requires more complex re-design 
of the usual rehabilitation wards. The nurses’ station would have to be planned differently and 
relocated outside of the ward and the central ward area would have to be designed in a 
particular way (recommendations 3.3.3 and 3.6.2).  
In the case of significant building remodelling, the patient wards could be re-designed as 
discussed but the main therapy area recommendation to centralise all the therapies would not 
be possible to apply since the different therapy rooms would need to be relocated. Although 
the main proposed concept for the therapy area cannot be implemented in the already built 
clinics, the paths leading to therapy could be significantly improved using the catalogue of 
guidelines. The existing paths should be analysed, systematically structured and re-designed 
with the use of the catalogue of guidelines as a checklist of what needs to be changed and 
what already corresponds to the recommendations. Since these paths were found to be the 
most important for patients’ mobility, the application of the given guidelines could significantly 
improve the mobility conditions for patients in the existing rehabilitation clinics. 
6.2.6 Signage design 
The role of signage in the wayfinding performance of stroke patients was not a subject of this 
research study. Since the spatial configuration and design of the rehabilitation clinics are 
considerably more difficult to alter once that the building is completed compared to the signage 
system, they were the main focus of this investigation. Their role in the wayfinding ability of 
patients was examined via geometry and dimension analysis to identify patterns in spatial 
characteristics of the places where patients encountered wayfinding issues and to develop 
recommendations on how to avoid them in future designs. Signage was considered as an 
element that complements the already well-designed building, and not as the main wayfinding 
element.  
Another reason for not investigating the role of signage in wayfinding in rehabilitation clinics is 
that the well-supported guidelines for designing signage systems that could be applied in 
healthcare facilities already exist. One of the more elaborated guideline catalogues concerning 
the design of signage systems is incorporated within the 2010 ADA Standards for Accessible 
Design regulations. In Germany, recommendations for designing signage can be found in 
different documents and guidelines, and especially in DIN standards, such as DIN 18040, DIN 
32986 and DIN 32976. The common subjects of these guidelines are the size of letters, the 
use of symbols, colour contrast and finish, the positions of the signs on the walls, etc. Hence, 
signage systems were not investigated in this study, which does not dismiss their potential 
contribution to the overall wayfinding performance of patients in rehabilitation facilities.  
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6.3 Summary 
This chapter presented a catalogue of architectural design guidelines for mobility-supporting 
rehabilitation clinics. These guidelines were developed with the goal of designing rehabilitation 
environments that adapt to the needs and rehabilitation goals of different patient groups, 
removing barriers for most vulnerable patients and providing different supporting elements that 
would motivate and facilitate independent mobility.  
The catalogue started with the main principles of the proposed transitional model for 
neurological rehabilitation clinics, which were then developed into specific design 
recommendations for the wards, therapy areas and common rooms. The design guidelines are 
based on the study results shown in the chapters 4 and 5 and they were mostly presented in 
the form images (floor plans, sections, 3D visualisations), followed by a written explanation. 
These guidelines are mostly targeted towards the design of new clinics since the proposed 
transitional model asks for a special design of different ward types that would be challenging 
to implement in the existing buildings. Although the main principles of the transitional model 
could not be applied in the existing buildings, a considerable amount of the offered 
recommendations could still be used to improve the design of existing clinics.  
The possible applicability of the presented transitional model in the current neurological 
rehabilitation system in Germany is discussed in the part 7.1.5 of the following chapter. 
  
DISCUSSION AND CONCLUSION | 225 
 
7 DISCUSSION AND CONCLUSION 
This chapter reflects on the main results that were obtained and presented in Chapters 4 and 
5 and discusses these results in comparison to the already existing knowledge. Limitations of 
the selected research approach are considered concerning the generalisability of the results. 
Implications of the main findings for the architectural design and the applicability of the 
proposed transitional model for rehabilitation clinics are reviewed, as well as the main 
contributions of this thesis to the existing knowledge, research methods in architecture, 
architectural design and theory. 
7.1 Discussion  
7.1.1 Interpretation of results 
The main research question that initiated this investigation of the spatial experiences of stroke 
patients in rehabilitation clinics was: “How does the built environment of rehabilitation clinics 
hinder or support the independent mobility of stroke patients?” The format of the research 
question assumed that the built environment did have the hindering and supporting properties 
and aimed at discovering what these properties were. Since this question already addressed 
the duality of the role of the space in hindering and supporting mobility, the data analysis and 
the results were also divided into two categories to reflect this duality.  
The main result of the investigation of hindering properties in the built environment was the 
identification of five barrier categories, emerging both from the observational data and the 
patient and staff questionnaires. These barrier categories, therefore, answered how the built 
environment hindered the mobility of stroke patients. In further analysis, the sub-question: 
“What are the architectural properties of the identified mobility barriers in the built environment 
of rehabilitation clinics?“ was addressed and answered. Another sub-question was also 
answered in Chapter 4: “How are mobility barriers experienced by patients with different 
mobility levels?“ It was found that patients that have more mobility limitations, especially 
wheelchair users, encountered more barriers in the built environment and a wider variety of 
barriers compared to patients with higher mobility level. Therefore, the experiences of physical 
barriers differed significantly for patients with different mobility levels. 
The examination of spatial properties that support stroke patients‘ mobility was descriptive in 
nature, looking for patients’ opinions and patterns of behaviour. Therefore, the research 
question on how the built environment supports the mobility of stroke patients could not be 
answered as a result of the shadowing data analysis, but rather as a result of patient 
questionnaires and reflections and observations of patients’ daily life in the clinics from the 
researcher’s perspective. The general conclusion was that the built environment of 
rehabilitation clinics was lacking in the mobility supporting properties, especially in the variety 
of common patient areas which could motivate mobility. Due to the reflexive and descriptive 
nature of the results, no definite difference in the experience of supporting elements could be 
established between the patients with different mobility levels. Although the significant 
differences could not be found, the experience of observing the daily life of rehabilitation clinics 
226  
for 70 full days revealed that all patients would benefit from a larger variety of common rooms 
that offer the possibility for different kinds of activities. 
7.1.2 Comparison with previous research studies  
Although the existing knowledge on stroke patients‘ spatial needs is limited, the results of this 
research study do not significantly deviate from the findings of other research studies. One of 
the main investigated topics in the research studies to date was the activity level and time use 
of stroke patients in healthcare facilities. The findings of this research study are consistent with 
the previous studies that found that patients during rehabilitation were inactive in their rooms 
for 50% of the time during the day.  
There could be many reasons for these patients’ low activity levels. A research study by Anåker 
et al. (2017) suggested that patients preferred spending time on their own rather than going 
out of their rooms and socializing with other patients when they were placed in a single-bed 
room. Although this might be one of the reasons for the patients’ inactivity, another explanation 
could be that there were no spaces outside of their rooms that would motivate patients to be 
more active and to leave their rooms. The results of the patient questionnaires in the seven 
participating clinics indicate that there is no great variety of existing common rooms and that 
patients wish for more common rooms for socialisation within the clinics. These results are 
similar to the findings of a smaller-scope interview-based study by Anåker et al. in 2018. 
Barriers in the built environment of healthcare facilities have not been investigated in detail 
before this research study. The only study dealing with this topic was the study of Newall et al. 
from 1997.  They found that the activity levels of patients increased when the accessibility in 
the rehabilitation environment was improved, but it was not specified which spatial features 
contributed to better accessibility. Other research studies mentioned some barriers in the form 
of reflexive notes or in the conclusion. Therefore, barriers were a greatly under-researched 
topic to date, although their role in the mobility of patients is potentially important. Improving 
accessibility and removing barriers to mobility could be one of the strategies to support and 
promote independent mobility of stroke patients during rehabilitation since some research 
results in other settings (community and home environments) suggest that the avoidance of 
barriers is likely to be the reason for the lack of activity in stroke survivors (Robinson et al., 
2013; Zhang et al., 2016).  
The findings of this research study do not contradict the results of the previous research 
studies, but this existing knowledge on the investigated phenomenon is exceedingly limited.  
7.1.3 Implications for architectural design  
The relationship between the mobility of stroke patients and the built environment of 
rehabilitation clinics was the central topic of this research. Since different aspects of 
architectural design were directly examined, the results of the research study have clear 
implications for architectural design. More specific implications for certain design aspects have 
already been discussed in chapters 4, 5 and 6. This chapter offers a synthesis and a broader 
look at the implications of the study results for the designing process and architectural practice. 
7.1.3.1 BARRIERS 
The categories of physical barriers to mobility that were identified in the shadowing and 
questionnaire data analysis are related to and could potentially be a result of different aspects 
of building design. The building design aspects of rehabilitation clinics that are relevant to this 
research study could be simplified to floor plan configuration (layout design), interior design 
and signage system design. These design stages could all have a role in creating physical 
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barriers for patients. Designing and planning the floor plan configuration is one of the first 
stages in architectural design. This is when the decision is made on how the building would be 
arranged in plan and how different parts of the building would relate to each other. Floor plan 
configuration is, therefore, the basic design skeleton of a building where all other design 
features are then added to. When the layout has been set, other architectural elements are 
designed. These other elements are referred to in this discussion as “interior design” and 
“signage system”. In healthcare facilities, signage system is a significant tool to improve 
wayfinding of building’s users. The interior design here includes furnishing, lighting design, use 
of materials and colours, as well as the design of grab rails on the walls, etc. Although all these 
aspects are separate building features that could all individually influence the mobility of 
patients, the analysis of all their effects is out of the scope of this research study and it is also 
not necessary for illustrating the main implications for architectural design.  
These design aspects and the main identified barriers are inspected for their potential mutual 
relationships (         Table 57). The goal was to identify which design aspects could potentially 
influence the five categories of physical barriers. The presented relationships are not studied 
in-depth but are established as hypothetical relationships based on the research evidence, as 
well as the personal knowledge and experience in architectural design.  
         Table 57: Relationship between design aspects and the issues that patients encounter 
Design aspects / Issues Wayfinding Dimensions Distance Flooring 
Physical 
Obstacle
s Floor plan configuration      
Interior design      
Signage system      
The study results indicate that the mobility issues patients encounter in the rehabilitation clinics 
are mostly related to the floor plan configuration and interior design of the rehabilitation clinics. 
The way the layout is designed could have an influence on wayfinding (complex layouts make 
wayfinding challenging), as well as distances between certain building parts and dimensions 
of corridors. Physical obstacles could also be a result of inadequate layout design, when there 
is not enough storage space planned or when the corridor dimensions don’t account for the 
medical equipment or waiting chairs. Floor plan configuration could also indirectly influence 
floor surfaces, in the case that the building was built from different parts and the floors 
connected in the form of a ramp. Interior design has a much stronger relationship with the 
flooring as a physical barrier. It can also affect wayfinding and physical obstacles by 
inadequate planning. Signage, as the last layer added in design, is predominantly related to 
wayfinding issues.  
This table of hypothetical relationships between physical barriers to mobility and the design 
aspects was used to highlight the importance of the first steps and decisions in the design 
process. For example, when looking at wayfinding issues in a building, signage is usually the 
first design aspect that is considered and redesigned if needed. Although signage is important 
in healthcare facilities, it is often a repairing add-on to inadequate design. The first step to 
avoiding major wayfinding issues would be a suitable layout design. For this reason, a well-
thought-out floor plan configuration could potentially prevent many barriers to mobility. At the 
same time, if wrong decisions are made already at the beginning of the design process, this 
could result in creating serious barriers for the future building’s users.  
Hence, the results of the investigation of hindering properties of the built environment show 
that already the first steps in the designing process of rehabilitation buildings can have 
significant consequences in creating barriers to patients’ mobility.  
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7.1.3.2 FACILITATORS 
The investigation of the mobility supporting features in rehabilitation clinics did not produce 
such clearly defined categories as in the case of physical barriers. Nevertheless, the results 
still have notable implications for the ways rehabilitation clinics are designed.  
Corridors were found to be a crucial space within the clinics where many different activities 
happen, both spontaneous and planned. This implies that corridor should be understood as 
more than only a circulation space and designed accordingly, to enable various activities and 
behaviours that would activate the patients. Patients themselves reported not liking to spend 
most of their free time in their rooms, but they found not many potential spaces for spending 
their free time outside of their rooms. A large variety of spaces was proposed by the patients 
that filled in the questionnaire, illustrating their wishes for more inspiring common areas. This 
finding suggests that the design of rehabilitation clinics needs to step away from pure 
functionality and take into account the varied design of common areas and rooms for patients 
to potentially increase their activity levels and enrich their quotidian life in the rehabilitation 
clinics.  
A significant finding concerning common rooms in rehabilitation clinics was that patients 
choose to visit spaces that are on average in the radius of 47 m from the place where they 
started their path, although their scheduled paths are much longer (Table 54). This result 
implies that patients prefer to visit spaces that are closer to their rooms, which possibly means 
that they are more prepared to cover shorter than longer distances to reach the spaces they 
want to visit. Although placing the common rooms close to patient rooms might seem counter-
intuitive because they would not exercise their mobility in such a great amount, this result 
suggests that patients might visit the common spaces more often if they were in the proximity 
of their rooms. This kind of common room placement is more likely to increase the activity 
levels and the mobility levels than placing the common rooms in the radius above 50 m from 
patient rooms. 
Another important finding concerning architectural design was the dual nature of certain 
barriers which can also act as mobility facilitators for patients with more advanced mobility 
level. It was observed during the daily life of patients in the clinics that some architectural 
features that were a clear mobility barrier for patients in a wheelchair were a useful exercising 
element for patients that could walk and were preparing for going home. This finding could be 
further used in the design of rehabilitation clinics, to create planned barriers for the training of 
already mobile patients, to prepare them better for the return to their home and community 
environments. 
7.1.4 Limitations of the study 
As in the case of most research studies conducted in the architectural setting which is difficult 
to be completely controlled, this study has certain limitations. These limitations and their 
implications, as well as their relevance to the obtained results, are discussed. 
ACCESS TO THE CLINICS 
The first limitation of this research study was the process of accessing the clinics to conduct 
the field study. Out of around 60 neurological rehabilitation clinics in Germany, seven clinics 
were included in this study. All suitable rehabilitation clinics in Germany were invited to 
participate in the research study, eleven clinics out of those responded with interest, but only 
seven clinics agreed to participate in the end. There are many potential reasons for such a 
small number of participating clinics, such as the time issues and busy schedules od the 
employees that could not accommodate helping an external researcher for two weeks, privacy 
protection of their patients, etc. This limited the possible sample size to seven clinics and all 
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seven were included in the field study. Therefore, the number of participating clinics could not 
be directly controlled by the researcher. 
SAMPLE SIZE AND SELECTION BIAS 
Since the clinics could not be chosen by the researcher, the participating clinics might not have 
included all the clinic typologies and therefore the results might have resulted in a biased 
sample. For this reason, the investigation did not focus on comparing the participating clinics 
to each other, but on the investigation of the architectural features and patterns that repeat 
among them. In this way, the attempt was made to avoid selection bias. The sample size of 7 
clinics was sufficient for examining the relationship between different architectural features and 
the mobility of patients and for answering the research question. Inclusion of a larger number 
of clinics is likely to have given comparable results because of the possible data saturation 
since the results were very similar in all of the 7 participating clinics. 
Although the participating clinics have around 200 patients each, only 10 patients from each 
clinic participated in the research study. This limitation of the sample size was generated by 
selecting shadowing as the main research method and by the research study design. To 
mitigate the selection bias, the participants were not selected by the researcher, but by the 
clinics themselves, with the use of inclusion and exclusion criteria. At the beginning of the field 
research, the potentially most spatially challenging clinic was selected for the pilot study. 
There, it was determined that the sample size of 10 patients was enough to reach data 
saturation, after which point the information was repeating itself. Since the study was a more 
a qualitative exploration than a quantitative research study, the sample of 70 patients was 
enough to study the phenomenon in question more deeply. Further research that would study 
the topic in a more specified and quantitative way would benefit from a larger representative 
sample of stroke patients, but a much larger sample was not possible in this study due to the 
time-consuming nature of the shadowing method that caused the researcher to spend three 
and a half months living in rehabilitation clinics and collecting the observational data.  
LACK OF PRIOR RESEARCH STUDIES ON THE TOPIC 
For the reason of the lack of previous studies that investigate the relationship between stroke 
patients and the design of rehabilitation clinics, a new research typology had to be developed 
in the form of exploratory research design. This lack of previous knowledge is one of the main 
reasons for selecting shadowing as a research method since it gives a better overview of the 
daily functioning of rehabilitation clinics and since it is a method that generates large amounts 
of data to be further examined. This approach was chosen because there were no other studies 
to provide a solid enough basis for a quantitative study and more knowledge had to be 
generated about the relationship between patients’ mobility and the built environment of 
rehabilitation clinics. As a result, this research study was limited in the selection of a suitable 
research method because very little was known about the phenomenon that was studied. 
Therefore, a qualitative study was greatly needed to provide the first insight into the studied 
relationship and to generate the basis for further explorations in the future. The selection of 
three complementary methods was used as a way to provide the largest amount of knowledge 
that would create a basis for future research studies that could then continue to study the 
particular aspects of the subject in question. 
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HAWTHORNE EFFECT 
Since shadowing, the main research method in this study is an observational method, the 
behaviour of the participants in the study might have been impacted by the Hawthorne Effect1. 
Due to the nature of shadowing, where an individual is closely following the subject over an 
extended period and because of the ethical considerations, it was not possible for the 
researcher to remain the secret observer during the field study in the clinics. Thus, the 
participants knew that they were being observed. The shadower attempted to keep distance 
and not to disturb the usual activities of the shadowee, but this was not possible in all cases. 
Some patients would interact with the shadower to ask for help, directions, etc. These small 
interactions might have changed the usual patients’ routine in the clinics. With the use of 
research methods such as shadowing, this kind of effect is unavoidable during field studies. 
To mitigate the complete change of behaviour from the participants’ side, the patients were not 
told that barriers and facilitators in the built environment were observed, but only their usual 
daily paths in the clinics. In this way, the experiences patients had with the built environment 
within the clinics were likely to reflect their usual daily experiences. To avoid the changes of 
behaviour influenced by the presence of the researcher, the researcher would have to be a 
secret observer, which was not possible to achieve in this research study because of the nature 
of the selected research method. 
SELF-REPORTED AND OBSERVER’S BIAS 
Since patient and staff questionnaires were used as research methods, they introduced the 
possibility of the self-reported bias. Selective memory of the participants could be the potential 
source of bias, which would limit the validity of the data since their responses could not be 
independently verified. Another important source of bias is likely to be the reluctance of the 
patients to report the issues they encountered in the built environment. Staff questionnaires 
were also not exempt from bias. Selective memory could have been a source of bias as well, 
together with giving no response to some questions or reporting the first response they 
remembered due to the lack of time and busy schedules in the clinics. 
Shadowing, as an observational method, introduced another kind of bias, the observer’s or 
researcher’s bias. Since only one researcher conducted the whole field study in seven 
remembered clinics, the collected data could not be validated via another observer’s 
perspective. Therefore, the data collection and the data analysis were certainly influenced by 
the researcher’s own experiences and subjective judgement.  
Both of these kinds of bias stem from the chosen research methods and they could therefore 
not be avoided. To reduce the effect of these biases and to increase the validity of the study 
results, three data collection methods were used to investigate the same phenomenon. In this 
way, when the results of these three methods were compared, the results could be verified or 
disproved. The recommendation for future qualitative studies exploring the same topic is to 
use at least two complementary methods to gain a better understanding of the phenomenon 
in question and to increase the validity of the obtained results.  
7.1.5 Applicability of the proposed transitional model  
The final outcome of this research study is the catalogue of design guidelines presented in 
Chapter 6. This catalogue proposes the transitional model for rehabilitation clinics where three 
different types of wards are designed to fit the needs of patients with different mobility levels 
                                                           
1 Hawthorne Effect is the alteration of behaviour by the subjects of a study due to their awareness of 
being observed. 
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and different rehabilitation goals. Although the study results suggest that patients are likely to 
benefit from such a design model and that it could support them in their transition towards 
autonomy, it is not clear if the proposed transitional model could be applied in the current 
healthcare setting in Germany. To check for the applicability of the proposed design model, 
the main ideas underlying the proposed guidelines were discussed with the four chief 
physicians from the participating rehabilitation clinics (Appendix 13: E-mail interviews). They 
were asked four questions that addressed their opinions on the proposed rehabilitation clinics 
design concept. Their answers were then incorporated into the discussion that follows. 
7.1.5.1 POTENTIAL BENEFITS OF THE MODEL 
Since the proposed model is based on the research results and differs significantly from the 
current practice of designing rehabilitation clinics, it is not clear if it would bring improvements 
that are significant enough to be implemented into future designs. In the opinion of Dr. med. 
R. Buschsfort, the adaptation of wards (stations) to address specific patient needs would 
reasonable in the design of rehabilitation clinics. The reason for this is the notable difference 
in the needs of patients in different rehabilitation phases.  
“According to the phase model (A-F) / (PM) of the BAR, the individual phases differ 
significantly concerning the rehabilitative needs of the patient. The dysfunctions in the 
mental and physical area differ greatly. Appropriately adapted interpretation of the 
stations, which consider special handicaps of the patients, makes sense.”  
(Dr. med. R. Buschsfort, e-mail interview excerpt, 14.11.2018) 
An additional interviewed chief physician, Prof. Dr. med. Wallesch also pointed out the 
changing needs of patients in different rehabilitation phases and what challenges should be 
considered when designing the patient wards. This reason highlights the most clearly why the 
specifically designed wards would be beneficial for patients, by addressing their spatial needs 
and by supporting them on the way to recovery.  
“In phase B you need monitors, infusion pumps heavy therapy material. Patients are 
incontinent, loud, some have to be permanently under view because of fixation. 
In phase B/C ward are needed for mobile disoriented. 
In phase C, one has to consider the danger of falls. 
in D/ AHB hotel standard is warranted with access to social facilities.”  
           (Prof. Dr. med. C. Wallesch, e-mail interview excerpt, 23.08.2018) 
Another argument reported by Dr. med. B. Engmann and Prof. Dr. med. M. Linnebank is that 
patients should be given an opportunity to exercise their abilities in the built environment. The 
environment that is challenging for patients with severe mobility limitations might not be 
motivating and supportive enough for completely mobile patients. Therefore, the patients do 
no benefit from the design that is the same for all patients. 
“Patients should be enabled to use their resources. But it is worth to consider that 
even phase C has a wide range from Barthel’s index 70 points in which they would 
require assistance from the nurses to 90 points or more which stands for slight 
handicap.”  
(Dr. med. B. Engmann, e-mail interview excerpt, 24.09.2018) 
“Yes, of course. There is no design “for all” – if designed for very disabled patients, 
rather mobile patients might not feel comfortable, and disabled patients might be 
restricted in independency in a too general, hotel-like design.”  
(Prof. Dr. med. M. Linnebank, e-mail interview excerpt, 23.08.2018) 
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Patients at the beginning of rehabilitation could significantly benefit from a ward designed to 
support their early mobilisation and activation since this is likely to improve and advance their 
rehabilitation process and reduce possible complications. 
 “It has been proven that "early mobilization" leads to a reduction of dysfunctions and 
disability, reduction of hospital latency, reduction of complications and mortality. Also, 
you can see an improvement of the outcome at the end of rehab.”  
(Dr. med. R. Buschsfort, e-mail interview excerpt, 14.11.2018) 
Creating the wards are not designed only according to the needs of patients in different 
rehabilitation phases, but also according to their functional deficits should be considered 
according to Dr. med. R. Buschsfort. In this way, the architectural design and the increased 
focused therapy might accelerate the patients‘ recovery of impaired functions. 
“Here, a further study would be conceivable, which could bring more knowledge from 
the A (phase model) to B (functional deficits) design. An architecture focused on 
dysfunction can bring the advantage that the environment can be adapted specifically 
to these dysfunctions and for the patient needs. It could be a great advantage, 
furthermore a significantly increased therapy intensity can be offered. Thus maybe 
increase the rehabilitation success.”  
(Dr. med. R. Buschsfort, e-mail interview excerpt, 14.11.2018) 
An advantage of having a ward where patients in different rehabilitation phases are 
accommodated together (mixed ward) would be the possibility of patients to observe their 
fellow patients that are in the more advanced stage of rehabilitation and gain motivation for 
their own recovery.  
“For the patient it is advantageous to look at other rehabilitants, to observe the 
achieved success and to “learn by the model". Here too, mixed wards seem to 
encourage the patients' motivation to cooperate and possibly also improve the 
rehabilitation outcome. However, there are no corresponding studies on this issue.”  
(Dr. med. R. Buschsfort, e-mail interview excerpt, 14.11.2018) 
Although the proposed transitional l model does not involve mixing of all rehabilitation phases, 
the patients belonging to two phases could be placed in one ward if their rehabilitation goals 
were similar (B and C and C and D). The level 1 ward is supposed to be designed only for B 
phase patients, since their rehabilitation needs significantly differ from other phases. 
Therefore, there are several potential reasons why patients would benefit from the specialized 
wards that target their specific rehabilitation goals and support their mobility. The respondents 
of the e-mail questionnaires agree that this type of design would benefit the patients and is 
likely to improve and possibly speed up their recovery process.  
7.1.5.2 CHALLENGES OF APPLICATION IN THE CURRENT HEALTHCARE SYSTEM 
Rehabilitation in German neurological clinics has a strictly defined system (see 1.3.2 
Neurological rehabilitation system) where patients are sorted into rehabilitation phases based 
on their Barthel Index. This means that there is a strict division of patients into these 
rehabilitation phases which does not correspond to the proposed ward design that is adapted 
to mobility levels of patients and their rehabilitation goals. 
“A higher specialization would be achieved with a concept that works after 
dysfunctions and spatial needs, yet this does not meet the rehabilitation requirements, 
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which is given in German-speaking European countries according to the phase model 
of BAR.“  
(Dr. med. R. Buschsfort, e-mail interview excerpt, 14.11.2018) 
According to Dr. med. B. Engmann, the strict division into phases would be very challenging 
since the needs and abilities of stroke patients significantly differ even within one phase. He, 
therefore, suggests having the wards designed in a way to fit the needs of the most vulnerable 
patients that would be accommodated in these ward types.  
“At least, from a practical point of view, it would be very difficult to separate not only 
the phases but also within a phase, e.g. from severely disabled phase C to less 
disabled phase C. Thus, organization and equipment of the ward (and the rooms) 
must fit to the needs of the worst cases.” 
(Dr. med. B. Engmann, e-mail interview excerpt, 24.09.2018) 
The proposed transitional model does not satisfy the current division into rehabilitation phases 
since it is not only based on the patients’ Barthel Index but also their individual functional 
impairments and rehabilitation goals. The three proposed ward types are intended to 
accommodate patients from different rehabilitation phases, where the spatial design of the 
ward would be adapted to the needs of the patients with lower mobility level. Therefore, the 
transitional model could be applied to future rehabilitation clinics with some potential 
challenges. 
7.1.5.2.1 NUMBER OF PATIENTS 
The division of patients into three different kinds of wards could introduce the possible 
challenge of patient numbers that could be admitted to a particular rehabilitation clinic. This 
would mean that if all the wards of one type would be full, the patient could not be admitted to 
the rehabilitation clinics if he belonged to that type of ward. Although this seems like a 
significant issue that would make it impossible to organise the clinics according to the proposed 
transitional model, the number of admitted patients would not create a larger issue than in the 
present organisation of clinics.  
Already in the current design concept of rehabilitation clinics, there are clearly defined numbers 
of beds that each clinic can offer for each of the rehabilitation phases. The physicians and the 
nurses are usually specifically trained for treating patients in each of the rehabilitation phases, 
reducing the possibility to admit other patients to their wards. Hence, the transitional model 
could potentially solve the issue of patient numbers, since the wards are not strictly defined 
into phases and the patients are sorted according to their mobility levels and their rehabilitation 
needs, making them more fluid than the phase-based wards. 
7.1.5.2.2 NURSES’ WORKLOAD 
Another issue that the transitional model of rehabilitation clinics could present is the increased 
workload for nurses caring for patients with low mobility levels. This is a concern that was 
addressed by Dr. med. R. Buschsfort and Prof. Dr. med. M. Linnebank. 
“On the one hand, employees at mixed wards are partially relieved, their treatment 
assignment changes with the rehabilitation phase (example: mobility has been 
achieved, ADL still needs to be used for everyday use). Another advantage is that 
already achieved success in the patient over a longer period can be observed and 
this leads to a considerable motivation in the medical staff. The increased gain of 
function leads also to a “work benefit” for the employees.”  
(Dr. med. R. Buschsfort, e-mail interview excerpt, 14.11.2018) 
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 “We decided to mix phases on wards, as it is a special burden for the staff, especially 
nurses, only to work with highly-disabled patients.” 
(Prof. Dr. med. M. Linnebank, e-mail interview excerpt, 23.08.2018) 
The wards in the transitional model are not entirely mixed since it is unlikely that patients in 
phase B and phase D would have similar rehabilitation goal and mobility level. The patients in 
phases B and C and the patients in phases C and D could have similar functional impairments, 
which would make the wards partially mixed. In this way, the workload of the nursing staff 
would be lessened. In level 1 wards, the burden on the nurses would be the highest, since the 
most highly disabled patients would be located in these wards. Although the level 1 ward would 
increase the burden on the nursing staff compared to other two ward types, this workload 
would not be any different from the workload they already have in the rehabilitation clinics with 
separate B phase wards. This issue could be decreased by employing the nurses that are 
specialised for the care of highly disabled stroke patients to focus on the most dependent 
patients on the ward or by introducing the rotating shifts between the wards within the same 
clinic. These wards are also planned to be smaller than the other wards, so the lower number 
of patients could also help to relieve the nurses and reduce the care burden. 
According to the responses of the physicians and the concerns they expressed, the transitional 
model has the potential to be implemented in practice if certain challenges are planned for in 
advance. The respondents agreed that from their medical point of view this kind of ward 
organisation would be reasonable and that patients could greatly benefit from it. The main 
challenge would lie in adapting the phase care concept into the “mobility and goal-oriented” 
patient wards of the transitional model. Therefore, the research results of this study suggest 
that not only the built environment of rehabilitation clinics should be designed differently, but 
that the current rehabilitation care system would need to adapt as well. 
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7.2 Thesis contributions  
The presented research study contributes to several different areas of knowledge, not only 
with the obtained research results but also with presenting the process of organising and 
conducting the empirical field research. The main discussed contributions are the theoretical 
contribution, contribution to research methodology, more specifically the original application of 
the shadowing method and the design of the research study, contribution to the evidence-
based design knowledge base and the contribution to architectural design and practice. 
7.2.1 Theoretical contribution 
This PhD thesis used the existing theories of the social (dis)ability model and the affordance 
theory to create a study-specific theoretical model and then apply this created model in the 
real spatial setting with the use of empirical research.  
The created theoretical model departures from the Gibson’s (1979) ideas of affordances as 
the offerings or possibilities for action and Norman’s (1988) idea of affordances as perceived 
suggestions, accepting the Gibson’s formulation of affordances as the main theoretical concept 
used in this study. Therefore, the affordances in space are considered as possibilities for 
action, and not as design aspects of objects that suggest how the objects should be used. This 
theoretical concept was then directed towards only one action: independent mobility; and 
whether the built environment affords this action or not. In this way, the developed theoretical 
model assessed positive and negative affordances to the action of mobility, re-formulating their 
notions into barriers and facilitators. Since affordances are based on the person’s abilities and 
capabilities, this theoretical model required an understanding and inclusion of the mobility 
abilities of the stroke patients in the analysis. 
The social disability model theories stemming from Finkelstein (1980) and Oliver (1990) 
changed the perspective of observing patients as disabled to the built environment being non-
supportive and disabling for different kinds of users. As stroke patients in this research study 
suffer from various impairments, their mobility level was used as their main characterising 
parameter for the analysis of the rehabilitative affordances of rehabilitation clinics. Although 
patients were divided into three mobility categories for the purpose of this study, it has to be 
made clear that each patient and each stroke is different and that the categorisation was made 
for the purpose of structuration of the research study, systematic analysis of collected data and 
applicability of the results in practice. Even though each stroke survivor would benefit the most 
from the built environment specifically designed for their individual spatial needs and 
impairments, this kind of theoretical construct would not be possible to implement in practice. 
As a result, patients were divided into categories according to their ability in terms of the one 
studied action: independent mobility.  
Therefore, this theoretical framework does not consider the built environment or the person in 
isolation, but their relationship and mutual fit. The presented research study provides a new 
methodological approach and it demonstrates that the mutual fit of the built environment of 
rehabilitation clinics and the stroke patients can be assessed by analysing the action of 
patients’ independent mobility. It demonstrates the path from the synthesis of the relevant 
theories to the development of these theories into a theoretical model, the application of this 
model to study actions in real-time and the analysis and presentation of the obtained results 
on the studied phenomenon of independent mobility. 
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7.2.2 Contribution to research methodology 
The contribution of this research study to the research methodology is twofold: it expands on 
the knowledge about the application of shadowing method in architectural design research and 
it produces an original study design that could be used in future studies conducted in 
healthcare and other types of facilities.  
7.2.2.1 SHADOWING METHOD APPLICATION 
This research study dealt with investigating the relationship between stroke patients and the 
physical environment of rehabilitation clinics. Therefore, the main study subjects were the 
stroke patients who are living as inpatients in rehabilitation clinics. The usual way of tracking 
patients’ behaviour and activity levels is to use behavioural mapping, where the researcher 
would observe and map the activities from a certain observation point. The employment of the 
shadowing method is, therefore, an unusual choice for this kind of setting. The shadowing of 
nurses has been conducted in several documented POE studies, but never to the extent that 
the method was used in this study. Patients, on the other hand, were not a conventional subject 
of shadowing, possibly because of different barriers such as the vulnerable health state of 
patients, the physically and psychologically challenging nature of the method for the 
researcher, the long time necessary to collect the data, etc. Hence, the constant following of a 
single patient in a rehabilitation clinic over a 12-hour period has not been done in previous 
research studies.  
The rehabilitation clinic as a setting allowed applying and studying this method with patients 
as the main subject since patients in rehabilitation clinics are do not have the same health 
issues as the hospital patients. Thus, they are more likely to accept participating in a research 
study and there is less health danger and psychological challenge for the researcher. As a 
result, this research study offers an insight into the wide variety of results that can be obtained 
by systematically using the shadowing method (see 3.5.1.1 Patient Shadowing). This insight 
can significantly help in future studies that would like to utilise shadowing as a research method 
for deeper studying of the daily life and spatial experiences of patients in healthcare facilities 
and users in any other kinds of settings. 
7.2.2.2 RESEARCH STUDY DESIGN 
As previously mentioned, this research study used the innovative application of the shadowing 
method, including the observation subjects, notes that were taken during observations, the 
observation duration, the number of observed patients and the number of participating 
rehabilitation clinics. The shadowing method was triangulated with the use of patient 
questionnaires and staff questionnaires. This research study design helped to understand the 
studied phenomenon from different perspectives and to validate the findings from the 
shadowing method. Shadowing introduced the observer’s/researcher’s perspective, patient 
questionnaires assessed the participant’s perspective and the staff questionnaire assessed 
the perspective of the medical professionals, who are simultaneously participants and 
observers in the built environment of rehabilitation clinics. These three different perspectives 
gave a more complete picture of how the built environment supports and hinder the mobility of 
stroke patients during their daily life in the clinics. 
Based on the experiences when conducting this research study, it is recommended that data 
triangulation is used in future studies as well. Since shadowing is predominantly a qualitative 
research method, studying the same phenomenon from additional perspectives or with an 
additional approach could greatly help in understanding the investigated phenomenon better. 
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7.2.3 Contribution to evidence-based design knowledge 
The findings that emerged from this investigation added a noteworthy amount of knowledge 
on the spatial needs of stroke patients. It was found that the built environment of rehabilitation 
clinics hinders the mobility of stroke patients and that patients have significantly different 
experiences of the built environment according to their mobility levels. The defining parameters 
were then identified for each barrier category and then synthesised. The investigation of 
facilitators provided an insight into patients’ preferences for spaces where they spend their free 
time. Corridor emerged as a crucial space where a wide variety of activities occurs, and 
patients’ responses highlighted the lack of varied common spaces within the clinics. The results 
of this research study, therefore, paint a picture of the daily life of patients in rehabilitation 
clinics, the issues they encounter and the spaces where they spend their free time. 
As there is a definite lack of knowledge on spatial needs of stroke patients in rehabilitation 
clinics (see 2.2 Existing research on stroke patients in healthcare facilities and 3.1 Research 
gap), this research study offers a foundation for the future explorations. Subsequent research 
studies could investigate one of the particular topics that were examined in this study in more 
depth. The focus of future studies could be on how stroke patients orientate in space and what 
kind of landmarks and orientation cues are the most effective since patients often suffer from 
cognitive impairments. Another topic could be the further investigation on spatial preferences 
of stroke patients and the further analysis of their non-scheduled mobility. The use of different 
common spaces and the patients’ behaviour in these spaces could be analysed in a 
quantitative way or with the use of the in-depth interviews with staff, patients and visitors to 
find out the best ways to design common areas within the clinic. The effect of distance on 
encountering different barriers and the ideal distances between spaces could also be 
examined further, as well as the significance of other barriers discussed in this study. As a 
result, a wide variety of topics can be further developed, based on the results of this study. 
Hence, the main contribution of this research study to the existing knowledge is providing a 
wide foundation for future specific in-depth investigations.  
7.2.4 Contribution to architectural design 
For the first time since the first research studies examining the spatial needs of stroke patients 
in healthcare facilities, the actual architectural drawings were used in the data analysis; not 
only for illustrating the discussed space but also for directly dissecting the specific spatial 
features. Consequently, this research study offered direct results about the built environment 
that could inform the architectural practice. The results were summarised at the end of the 
analysis of each spatial feature that was discussed, to provide a list of highlights that need to 
be considered when designing a rehabilitation clinic. These highlights could be used as a 
checklist for inspecting some of the building’s mobility-supporting qualities. 
The findings of this study were then transferred into a catalogue of design guidelines for 
mobility-supporting rehabilitation clinics that can be used in the process of designing future 
rehabilitation clinics and also adapting the existing facilities. The catalogue proposed an 
original design model named “the transitional model“ because it follows the changing spatial 
needs of stroke patients during their recovery in rehabilitation clinics. The guidelines for each 
of the wards in the transitional models were then divided into six categories to correspond to 
the six topics explored in Chapters 4 and 5. The separate guidelines are also given for the 
paths leading to the therapy area and the therapy area itself, as well as some more general 
guidelines concerning the whole building.  
The presented catalogue of design recommendations is a visual and textual guideline on how 
certain architectural features need to be specifically designed to support the mobility of stroke 
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patients. The catalogue of guidelines is, therefore, the main contribution of this thesis to 
architectural design, as it offers design recommendations that can be utilised in architectural 
practice. The given design recommendations have stroke patients as the focal point, but they 
mostly look at the physical aspect of stroke patients’ mobility and the cognitive aspect is 
considered predominantly in the wayfinding guidelines. Stroke patients were chosen as a 
special group with the most complex combination of disabilities, which they can have in 
common with other neurological diseases and other kinds of patient groups. Since many given 
recommendations are oriented mostly towards physical impairments, they could also be 
utilised in other types of healthcare facilities with physically disabled patients, after a significant 
consideration of the needs of the particular patient group in question. For example, orthopaedic 
patients, as well as other neurological patients such as patients with spinal cord injuries, who 
use a walker or a wheelchair could benefit from many of the given architectural design 
recommendations. These guidelines would have to be carefully studied and analysed for their 
application in various kinds of rehabilitation buildings, but they could potentially bring mobility 
improvements for other kinds of patients, besides the main focus group of stroke survivors. 
Another significant contribution of this PhD thesis to architectural design is the demonstration 
of the way a research study can be conducted in an architectural setting and its results used 
to create the design guidelines, with the hope that more architectural projects would be based 
on solid research findings in the future, especially in the field of healthcare architecture. 
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7.3 Conclusion 
This PhD thesis provided a comprehensive insight into the daily experiences of stroke patients 
in rehabilitation clinics, focusing for the first time on their spatial features. It answered the initial 
research question: “How does the built environment of rehabilitation clinics hinder or support 
the independent mobility of stroke patients?” via explorative examination of data collected via 
the original study design and application of the shadowing method. Based on the data analysis 
and the 70 days spent living in rehabilitation clinics, it is revealed that the built environment of 
rehabilitation clinics hinders the mobility of patients in many aspects and that the supporting 
aspects are greatly lacking. The main outcome of this study is the first-ever catalogue of 
architectural design guidelines focusing directly on rehabilitation clinics and patients‘ mobility. 
Therefore, the study offers new insights into the studied phenomenon and new results, which 
contribute to filling the knowledge gap on the spatial needs of stroke patients during recovery.  
In addition to the presented results, this thesis contributes to the knowledge on the research 
methods that could be used in the field of architecture. The innovative systematic use of the 
shadowing method that was adapted to the architectural context demonstrated the potential of 
this method for investigating the needs and behaviours of different kinds of users. At the same 
time, the obtained results show the variety of data that could be collected using this method. 
With the results that emerged from shadowing and questionnaires and the development of the 
catalogue of architectural design guidelines, this thesis also contributes to the evidence-based 
design knowledge and architectural practice.  
Although this research study was conducted on a limited sample and it faces the issue of the 
potentially limited generalisability, it provides essential information on the spatial needs of 
stroke survivors in rehabilitation clinics and it opens up many new directions for future 
research, such as further examination of patients’ non-scheduled mobility and the spaces that 
would activate them to leave their rooms, the wayfinding needs of stroke patients, spatial 
requirements of therapy rooms within the clinics, etc. The presented results could be taken as 
a basis for further investigation of the topics regarding the role of the built environment in 
hindering and facilitating the independent mobility of stroke patients. It, therefore, provides a 
foundation for further research on the mobility of stroke patients and their needs in the 
rehabilitation built environments. 
Even though the main focus of this study is on the stroke patients, their complex disability and 
various mobility issues could potentially be comparable with other impairments resulting from 
the brain and spinal cord injuries, multiple sclerosis, orthopaedic conditions, etc. This could 
especially be the case in the division into mobility levels according to the mobility aid used. 
Patients suffering from other health conditions might not have the same cognitive impairments 
as the stroke patients, but the level of physical impairment and the dependence on mobility 
aids, such as a wheelchair and a walker, could often be comparable. Since mobility is one of 
the main goals of the recovery process for many patients with health conditions other than 
stroke, the guidelines suggested in this thesis could be considered and examined in other 
rehabilitation contexts outside of stroke rehabilitation. The main ideas of the transitional model 
could also be transferred to other healthcare contexts, more specifically shifting the focus from 
“same-for-all” design to specifically designed environments for spatial needs and recovery 
goals of different patient groups.  
Consequently, this research study significantly contributes to the discourse on how to design 
buildings that not only fulfil their functional program but also participate and aid the recovery 
process and improve the well-being of patients. The design of mobility supporting rehabilitation 
clinics could benefit all actors involved in the process, from stakeholders whose revenue could 
be enhanced to patients whose well-being and recovery process would be improved. Patients 
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are the group that would benefit the most from the mobility-supporting environments, not only 
from the physical recovery perspective but also from the perspective of psychological health. 
The specifically designed built environment could potentially improve their feelings of loss of 
control and increase their independence and motivation for rehabilitation.  
These changes in the rehabilitation clinic design could also bring significant gains for medical 
staff of the rehabilitation clinics and patients’ families and caregivers, as a result of improved 
well-being and faster recovery process. The workload on the staff, as well as the employee 
turnover, could be reduced in a rehabilitation clinic where wards with highly dependent patients 
would have significantly less patient beds, where patients would require less constant care and 
where they would be more independent due to the mobility-supporting environment. More 
efficient patients’ recovery and improved mobility and independence would also reduce the 
burden on stroke survivors’ caregivers after their return home. Therefore, the implementation 
of the mobility-supporting rehabilitation design concept is likely to benefit not only patients but 
also all involved persons in the daily life and managing of a rehabilitation clinic. 
Since they are large facilities with a complex program, the design and planning process of the 
rehabilitation buildings usually involves a multidisciplinary team of professionals. These 
professionals, coming from different fields such as the facility’s board and executives, medical 
leaders and end-users (physicians, nurses), provide a broad perspective on the healthcare 
planning and different requirements and concerns that need to be addressed in the project. 
These different views can sometimes cause disagreements over the specific design aspects. 
With the existence of evidence-based design recommendations, the difference of opinion 
among the multidisciplinary teams could be mitigated by providing the well-supported evidence 
on how and why specific design aspects are more suitable to the goals and objectives of their 
rehabilitation clinic. Hence, the findings of this research study and the resulting catalogue of 
design guidelines are intended to facilitate a dialogue between the actors involved in the 
process of planning mobility-supporting rehabilitation clinics, and especially the two main 
professions involved in this planning process: the architects and the medical professionals.  
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Appendix 1: Staff questionnaire results 
 Table 58: Reasons why independent mobility is important according to medical staff (n = 59) 
Category 
Prevalence 
% (n) 
Comments made by questionnaire respondents 
Autonomy 
 
59,3  (35) 
 
“Rehabilitation means that the patient learns to become self-
sufficient again.” 
“To strengthen the capabilities and prepare for home, 
autonomy is important.” 
“Especially in neurology and in elderly patients, it is 
important to maintain and promote independence and to 
train orientation.” 
“Patients are prepared for life outside the clinic so that they 
can manage on their own.” 
“Encouragement and support of autonomy.” 
“Because of self-reliance, feeling of freedom, perception is 
enhanced, wayfinding is also improved.” 
Exercise 27,1 (16) 
“The patient can exercise movements (primarily the ones 
learnt in therapy), work on increasing the mobility and 
walking safety, the patient feels more independent and more 
comfortable.” 
“I see it as a further therapeutic activity for orientation, 
movement and mobility.” 
“Patients want to go back home and often have to cope on 
their own. So they have to start managing by themselves in 
the clinic.” 
“Patient can "work" on his mobility; that way patient feels 
more self-sufficient, independent, more mobile, more self-
confident (as a preparation for the home).” 
Not beneficial 5,1 (3) 
“Different depending on the disease. In the case of 
dementia, there is the risk that they will get lost or run 
away.” 
”Not for cognitive disorders. Mental incapacity. Criminal 
background. Patients with addiction problems.” 
Helping staff 3,4 (2) 
“Discharge of the transport service.” 
“It relieves the staff.” 
Better recovery  3,4 (2) 
“Because the recovery can progress quicker.” 
“Autonomy and spatial orientation contribute to their 
recovery.” 
Social contact 1,7 (1) “Also very important for social contacts.” 
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Appendix 2: Enriched Environment  
Enriched environment (EE) is a stimulating physical and social environment for the brain. In 
the context of rehabilitation, environmental enrichment implies the provision of an environment 
with different material for exercising patients’ cognitive capacities and motor skills. A pilot study 
in a mixed rehabilitation unit by Janssen et al. in 2014 tested the effect of the usual EE situation 
on the activity levels of patients. The EE consisted of a common room with easy access to a 
computer with different kinds of content and games, a Wii console, reading material, various 
kind of board games and recreational activities. The individual enrichment was achieved by 
providing the activities of interest to each participant. Family members were also encouraged 
to bring in hobbies and activities that participants enjoyed before their stroke. The exposure to 
the enriched environment led to an increase in the activity levels of stroke patients compared 
to the group in the non-enriched environment (Janssen et al., 2014).  
Even in the acute environment of the stroke unit, where the patients are in a much worse health 
condition than in the rehabilitation setting, the provision of the enriched environment had 
shown positive results. In the pilot study by Rosbergen et al. (2017), public areas in the stroke 
unit were transformed to communal areas where participants had access to a variety of 
equipment to enhance activities away from the bedside. Equipment included iPads, books, 
puzzles, newspapers, games, music and magazines that were available during and outside 
therapy hours. The patient group exposed to the enriched environment group spent a 
significantly higher proportion of their day engaged in any activity compared to the standard 
care patient group (Rosbergen et al., 2017).  
Stroke patients who were exposed to an enriched environment for two weeks reported 
“increased motor, cognitive and sensory stimulation, increased social interaction, alleviation of 
a degree of boredom and increased feelings of personal control“ (White, Bartley, Janssen, 
Jordan, & Spratt, 2015, p. 593). The pilot studies testing the influence on the activity levels of 
patients were mainly individual studies including a small number of participants. The use of the 
EE in rehabilitation facilities brings some challenges, such as the review of current healthcare 
policies, rearrangement of the ward structure, change of ward routines, and the provision of 
additional equipment (Janssen et al., 2010). Although there are some observed benefits of the 
enriched environment on the activation of patients and their psychological health, it is still 
unknown if the increase in this type of activity translates into better rehabilitation outcomes and 
whether a larger multi-centre study would find the same positive influence on the patients’ 
activity levels. The use of the EE in rehabilitation facilities also brings some challenges, such 
as the review of current healthcare policies, rearrangement of the ward structure, change of 
ward routines, and the provision of additional equipment (Janssen et al., 2010). 
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Appendix 3: Wayfinding 
Wayfinding has been a subject of a large body of research, especially in complex built 
environments such as healthcare facilities, university buildings, airports, hospitals and urban 
settings. It originated in 1960 as a concept of space legibility, and it remained until today an 
important topic in research, especially in vulnerable populations, such as older adults, people 
with dementia or visually impaired people. Wayfinding, as defined by Lynch, is based on ”a 
consistent use and organization of definite sensory cues from the external environment” 
(Lynch, 1960, p. 3). The main goal of wayfinding is to find a way from one place to another, 
without delays, getting lost or increased stress. Significance of architectural design and spatial 
configuration was recognized even from the early years of research on the topic of wayfinding. 
According to Weisman (1981), four main variables influence wayfinding ability in the built 
environment:  
1. visual access to familiar cues or landmarks within or exterior to a building; 
2. the degree of architectural differentiation between different areas of a building that can aid 
recall and orientation; 
3. the use of signs and room numbers to provide identification or directional information; 
4. plan configuration, which can influence the ease with one can comprehend the overall layout 
of the building.     
Best (1970) was the first to identify the positive relationship between the main elements of the 
building’s path network, such as decision points, distances and changes of direction within a 
floor plan and the wayfinding difficulty. The results of subsequent studies suggest that the 
complexity of relations between choice points may influence wayfinding (Hillier, Hanson & 
Peponis, 1984; O’Neill, 1991a; Peponis, Zimring & Choi, 1990). Several research studies found 
that the primary influence on wayfinding performance and perceived legibility was the 
complexity of floor plan configurations (Haq & Zimring, 2003; O’Neill, 1991b). Hence, the 
wayfinding ability is likely to decrease as the floor plan complexity increases (O'Neill, 1991a). 
While navigating within the built environment, people observe different objects, such as paths, 
doors, windows, signs, and their affordances (Raubal & Worboys, 1999). It is argued by 
different authors (Gibson, 1986; Stoffregen, 2003; Turvey, 1992) that affordances have a 
meaning that can assist in guiding the person’s behaviour, offering the possibilities for actions 
to the particular person by the environment. Affordances are resulting from the mental 
interpretation of things and they are based on past experiences and knowledge which are 
applied to the perception of these things (Norman, 1988). According to Gibson (1986), 
affordances can be directly perceived and do not need to be mediated via cognitive 
representations. Norman also argues that people do not need to have complete knowledge of 
the space in order to behave effectively. Kuhn (1996) identified for categories of spatial 
affordances addressing different task situations: affordances for an individual user (e.g., 
move), a user and an individual entity (e.g., objectify), a user and multiple entities (e.g., 
differentiate), and (4) groups of users (e.g., communicate). To know what people can do in a 
specific built environment, one should find out what spatial affordances the architecture and 
objects in this specific built environment can offer for people’s wayfinding (Raubal & Worboys, 
1999). Affordances, therefore, play a key role in an experiential view of space (Lakoff, 1988; 
Kuhn, 1996). The literature on wayfinding affordances focuses mostly on the positive 
affordances of spaces and objects, and the negative affordances, such as ”getting lost”, are 
not discussed (Raubal & Worboys, 1999). These negative affordances are important to be 
examined since they could be related to decreased wayfinding ability (Norman, 1988) and they 
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could potentially be eliminated by altering the design in the particular built environment (Raubal 
& Worboys, 1999).  
Arthur and Passini (1992) identified three elements that influence wayfinding within the context 
of the built environment: architecture, graphics, and verbal human interaction. Besides 
architectural design and asking others for directions, the third important elements influencing 
wayfinding is argued to be the signage (graphics). Signage is frequently used to compensate 
for the lack of clarity in floor plan layouts in settings such as healthcare facilities or airports. 
Some research suggests that signage is less than effective in supporting the wayfinding tasks 
and that people often use other architectural features as cues for orientation (Weisman, 1987), 
often because of not understanding the signage (Seidel, 1983). Floor plan configuration was 
found to have a significant influence on the wayfinding ability regardless of signage (O’Neill, 
1991a). Carpman, Grant, and Simmons (1984) found that the wayfinding ability decreased with 
the increase of signs in a hospital corridor. Other research studies point out the positive effects 
of signage on the wayfinding performance and reduced stress (Best, 1970; Wener & Kaminoff, 
1983; Levine, 1982; Levine, Marchon & Hanley, 1984; Vilar, Rebelo, Noriega, Teles, & 
Mayhorn, 2015; Tzeng & Huang, 2009).  
An interaction between signage and floor plan configuration, which is still not well researched, 
might be partly responsible for the lack of consistent findings related to the pure influence of 
signage on wayfinding. The suggestions were made to use the signage sparingly and only 
containing the necessary information, as a last resort to aid wayfinding (Carr, 2006). It is not 
enough only to put up signs to facilitate wayfinding since signage is not able to compensate 
for architectural failures in the majority of cases (Arthur & Passini, 1992). The challenge to 
provide adequate wayfinding using only signs and other cues becomes more difficult as the 
buildings get larger and more complex and if the suggested directions contradict the way 
people understand and use the space (Dogu & Erkip, 2000). Therefore, the principle of 
building’s spatial organization has to be communicated to the wayfinding users by the structure 
itself (Arthur & Passini, 1992), without purely relying on signage. 
To reach different destinations is a common requirement of basic physical, psychological or 
social needs, and this activity has been described as mobility (Passini, Pigot, Rainville & 
Tétreault, 2000). If mobility is understood as reaching chosen destinations, wayfinding is one 
of the significant preconditions of mobility, and therefore of personal autonomy and 
independence (Passini et al., 2000). Since many healthcare facilities, including rehabilitation 
clinics, are a result of expansions, add-ons and reorganisations, their spatial configurations 
are often exceedingly complex. Wayfinding might be more challenging for patients in 
healthcare facilities than for other people visiting unfamiliar spatial settings since they are 
usually under stress and experiencing health-related issues (Baskaya, Wilson & Özcan, 2004). 
Clear wayfinding in a rehabilitation clinic is crucial for reducing patients’ stress and for 
improving their mobility and overall independence level. Wayfinding issues can also result in 
patients being late for their appointments and therefore cause disruptions in therapy schedules 
and staffing (Cooper, 2010).  Therefore, wayfinding in this kind of complex layouts could 
potentially be a significant mobility barrier for stroke patients undergoing rehabilitation. 
Mobility within healthcare facilities does not only depend on the mobility ability of patients or 
their wayfinding abilities, but also on the policy of the institution, where mobility could be 
encouraged or restricted by staff members (Passini, Pigot, Rainville & Tétreault, 2000). In the 
context of a nursing home, Passini et al. (2000) identified three factors influencing Alzheimer’s 
patients’ mobility: the person’s psychological and mental state, the physical environment, and 
the caregiving environment. Since the policy of staff in rehabilitation clinics is to encourage the 
mobility of stroke patients, the two other factors have a more significant influence on patients’ 
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mobility in this context: their physical and psychological state and the built environment of 
rehabilitation clinics.  
Navigation impairment can be common among stroke patients (Claessen, 2017). Stroke 
survivors often have difficulties with knowledge about locations and their interrelationships or 
they are unable to recognize or use landmarks for wayfinding (Claessen, 2017). The results of 
the study of mild stroke patients that completed a Wayfinding Questionnaire (WQ) indicate that 
self-reported navigation impairment is common and it occurs in a large number of patients 
compared to the control group (Van Der Ham, Kant, Postma & Visser-Meily, 2013). 
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Appendix 4: Post-occupancy evaluation 
It is a “process of systematically evaluating the performance of buildings after they have been 
built and occupied for some time” (Preiser, 2002, p. 42). A more anthropological approach to 
the definition of the post-occupancy evaluation was introduced by Friedmann, Zimring and 
Zube, defining POE as “an appraisal of the degree to which a designed setting satisfies and 
supports explicit and implicitly human needs and values of those for whom a building is 
designed” (Friedman et al., 1978, p. 20). Post-occupancy evaluation could, therefore, be 
defined as “the examination of the effectiveness of the occupied designed environments for 
human users“ (Zimring & Reizenstein, 1980). This effectiveness that is examined includes the 
physical and organisational factors that improve the achievement of institutional and personal 
goals (Zimring & Reizenstein, 1980). 
The assumptions on how the organisations work and how people use their spaces were the 
basis for a large number of decisions in the programming and design stages of the building 
process (Zimmerman & Martin, 2001). Consequently, non-technical factors influencing the 
design and building of facilities started to be considered in the POE evaluations (Hadjri & 
Crozier, 2008). 
A well-conducted post-occupancy evaluation can provide real information on which to base 
design decisions and improve the next design project (Zimmerman & Martin, 2001). Whyte and 
Gann (2001) suggest several significant benefits for conducting a post-occupancy evaluation, 
these include: 
. applying design skills more effectively; 
. improving the commissioning process; 
. improving user requirements; 
. improving management procedures; 
. providing knowledge for design guides and regulatory processes; and 
. targeting of refurbishment (Whyte & Gann, 2001). 
The focus of post-occupancy evaluations is usually a single type of setting, intending to study 
and improve designed environments (Zimring & Reizenstein, 1980). The method for 
conducting the POE is usually to observe, record and describe, rather than manipulate the 
designed environment (Zimring & Reizenstein, 1980). The fulfilment of the functional program 
and the occupants’ needs are the main criteria for evaluation (Zimmerman & Martin, 2001). 
Furthermore, the post-occupancy process is intended as a more scientific and research-
oriented way to approach the built environment design process (Zimmerman & Martin, 2001). 
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Appendix 5: Shadowing 
SHADOWING AS A RESEARCH METHOD 
Shadowing was defined as a research method where a “researcher is closely following a 
subject over a period of time to investigate what people actually do in the course of their 
everyday lives, not what their roles dictate of them“ (Quinlan, 2008, p. 1480). Commonly, 
nurses or trainee teachers shadow a more experienced professional to understand the ways 
things should be done in the work setting (Gilliat-Ray, 2011).  Within the research domain, 
shadowing is most commonly used within management and organizational studies to 
understand professional roles and investigate time and motion in industrial and business 
settings (Gilliat-Ray, 2011).   
Shadowing method is an opportunity to observe and record the actions and behaviour of a 
single individual during their everyday activities (McDonald, 2005). It is a data collection 
method that offers the opportunity to gain significant insights that would otherwise be 
unobtainable via any other method (Gilliat-Ray, 2011). The biggest strength of the shadowing 
method is that the shadowing data “are grounded in actual events rather than reconstructions 
of previously occurring events as in focus group and interviewing collection techniques“ 
(Quinlan, 2008, p. 1482). 
Shadowing as a research method “has seldom been used” (McDonald, 2005, p. 455) and 
relatively “little is written” about it (Quinlan, 2008, p. 1480). There is also a lack of studies that 
critically examine the usefulness of the shadowing method and its applicability to different 
research fields. Shadowing is not a research method commonly used in architecture, as it is 
more focused on actions and roles within an organisation, but it can be adapted to the 
architectural context with a specific structuring of field notes and with the focus on the 
interaction of the individuals with the built environment. As it is a research method that not 
much is known about, its utilization brings some disadvantages and challenges unique to its 
nature. 
CHALLENGES OF SHADOWING  
There are several potential difficulties associated with using shadowing as a research method. 
The access to the research setting where the shadowing is going to be performed has to be 
negotiated. In some cases, such as healthcare facilities, where security and confidentiality are 
crucial, this process can prove to be difficult. Not only the administration of the research setting 
but also the persons that will be shadowed need to agree to participate in the study. Since this 
method is not commonly used in research, the unfamiliarity causes people to be more reluctant 
to participate.  
McDonald acknowledges that “shadowing activity will be as various and complex as the job of 
the individual the shadower is investigating“ (2005: 456). The process of shadowing in some 
places (e.g. prisons, or hospitals) can also be physically, mentally, and emotionally exhausting 
(Dickson-Swift et al., 2009; Eriksen, 1995; Lofland & Lofland, 1995). Czarniawska (2007) has 
noted that shadowing takes an emotional and psychological toll on the researcher, particularly 
because of the length of time spent in the presence of another person and the careful 
coordination and communication required. Additionally, the challenge lies in trying to manage 
an unobtrusive role and objective perspective while observing complex behaviour, as well as 
in discomfort, uncomfortable ethical dilemmas and sometimes even danger (Marshall & 
Rossman, 1995). Shadowing fieldwork can, therefore, be “highly unpredictable and uncertain” 
(Gill, Barbour & Dean, 2014, p. 71). These challenges, as well as economic constraints on 
researcher time, have probably limited the use of shadowing in research (Tjora, 2006).   
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Appendix 7: Patients’ questionnaire 
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Appendix 8: Information sheet for patients 
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Appendix 9: Patients‘ consent form 
 
  
264  
Appendix 10: Shadowing sheets (example) 
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Appendix 11: Ethical committee approval 
Appendix | 267 
 
 
 
268  
  
Appendix | 269 
 
Appendix 12: Code for calculating polyline length 
;| 
 
TLEN.LSP - Total LENgth of selected objects 
(c) 1998 Tee Square Graphics 
 
|; 
 
(defun C:TLEN (/ ss tl n ent itm obj l) 
  (setq ss (ssget) 
        tl 0 
        n (1- (sslength ss))) 
  (while (>= n 0) 
    (setq ent (entget (setq itm (ssname ss n))) 
          obj (cdr (assoc 0 ent)) 
          l (cond 
              ((= obj "LINE") 
                (distance (cdr (assoc 10 ent))(cdr (assoc 11 ent)))) 
              ((= obj "ARC") 
                (* (cdr (assoc 40 ent)) 
                   (if (minusp (setq l (- (cdr (assoc 51 ent)) 
                                          (cdr (assoc 50 ent))))) 
                     (+ pi pi l) l))) 
              ((or (= obj "CIRCLE")(= obj "SPLINE")(= obj "POLYLINE") 
                   (= obj "LWPOLYLINE")(= obj "ELLIPSE")) 
                (command "_.area" "_o" itm) 
                (getvar "perimeter")) 
              (T 0)) 
          tl (+ tl l) 
          n (1- n))) 
  (alert (strcat "Total length of selected objects is " (rtos tl))) 
  (princ) 
) 
 
270  
Appendix 13: E-mail interviews 
Questions: 
 
1. Do you think that it would be beneficial for the patients to have wards designed specifically 
for their rehabilitation phase and for their spatial needs, so that they can be more independent 
in their mobility? 
2. Would this organisation be acceptable and feasible for the medical staff in the clinics?  
(for example, the ward with patients in the phase B needs constant care, but the phase D 
wards sometimes don’t even need a nurse station) 
3. Do you think that a mixed ward would be a better option for the medical staff or patients?  
(by mixed ward I mean that all rehabilitation phases are mixed in one ward, but maybe the 
parts of the ward differ between each other according to the needs of patients whose rooms 
are located in those parts) 
4. Are there any other concerns or suggestions regarding this spatial organisation concept? 
 
Answers: 
 
Dr. med. R. Buschsfort, Aatalklinik Bad Wünnenberg, 14.11.2018 
 
1. According to the phase model (A-F) / (PM) of the BAR, the individual phases differ 
significantly concerning the rehabilitative needs of the patient. The dysfunctions in the mental 
and physical area differ greatly. Appropriately adapted interpretation of the stations, which 
consider special handicaps of the patients, makes sense. 
 
Phase B normally is associated with an acute care hospital, and focuses on early 
mobilization and stabilization of autonomic functions, as well as an information-providing 
environment for the mental deficits. In the further course, reorientation occurs in these 
patients and renewed contact with the environment. From that point, awareness and 
exploration becomes possible. The so-called "enriched environment" supports learning 
processes in the brain, gives information and safety to the patient and leads him back to his 
environment. 
 
2. It has been proven that "early mobilization" leads to a reduction of dysfunctions and 
disability, reduction of hospital latency, reduction of complications and mortality. Also you can 
see an improvement of the outcome at the end of rehab. 
  
In addition to adapting the stations to the phase model of the BAR (B-C-D phases, 
corresponding wards of these categories are possible), it is also conceivable to adapt 
stations corresponding to their functional deficits or corresponding to the aims you define for 
the patient. For example, you can think about one ward general for all kind of mobilization 
incl. transfers, gait, balance, coordination, stairs), another ward for the upper extremities 
(arm rehabilitation, to train fine motoric and sensory, later ADL skills, learning the use of 
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tools), a third ward could be imagined for every kind of speech and swallowing disorders, 
other neuropsychological deficits, mental disorders (mood, orientation). 
 
A higher specialization would be achieved with a concept that works after dysfunctions and 
spatial needs, yet this does not meet the rehabilitation requirements, which is given in 
German-speaking European countries according to the phase model of BAR. 
 
3. A mixed station, for example, between Phase B and C or Phase C and D patients is not 
uncommon and may bring benefits especially for the medical staff. 
 
On the one hand, employees at mixed wards are partially relieved, their treatment 
assignment changes with the rehabilitation phase (example: mobility has been achieved, 
ADL still needs to be used for everyday use). Another advantage is that already achieved 
success in the patient over a longer period can be observed and this leads to a considerable 
motivation in the medical staff. The increased gain of function leads also to a “work benefit” 
for the employees. 
 
4. For the patient it is advantageous to look at other rehabilitants, to observe the achieved 
success and to “learn by the model". Here too, mixed wards seem to encourage the patients' 
motivation to cooperate and possibly also improve the rehabilitation outcome. However, 
there are no corresponding studies on this issue. 
 
In conclusion, I find your study very interesting and instructive, I would bring the points I 
mentioned in a subsequent discussion, in particular the question of function-oriented wards 
(mobility / gait function / arm function / ADL - skills / speech and speech disorders and 
mental deficits). 
 
Here, a further study would be conceivable, which could bring more knowledge from the A 
(phase model) to B (functional deficits) design. An architecture focused on dysfunction can 
bring the advantage that the environment can be adapted specifically to these dysfunctions 
and for the patient needs. It could be a great advantage, furthermore a significantly increased 
therapy intensity can be offered. Thus maybe increase the rehabilitation success. 
 
 
Dr. med. B. Engmann, Fachklinikum Brandis, 24.09.2018 
 
1. I think so; Patients should be enabled to use their resources. But it is worth to consider that 
even phase C has a wide range from Barthel’s index 70 points in which they would require 
assistance from the nurses to 90 points or more which stands for slight handicap.  
2. At least, from a practical point of view, it would be very difficult to separate not only the 
phases but also within a phase, e.g. from severely disabled phase C to less disabled phase C. 
Thus, organization and equipment of the ward (and the rooms) must fit to the needs of the 
worst cases. 
3. As written above, even a phase C comprises different cases. Thus, such a ward is already 
mixed.  
4. A suggestion could be leisure rooms and rooms in with patients can follow their hobbies. 
What about pets in a clinic? Why not? There are good for mood, activity and time schedule 
(feeding). Unfortunately, pets in hospitals is a “no go” in Germany.   
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Prof. Dr. med. M. Linnebank, HELIOS Klinik Hagen-Ambrock, 23.08.2018 
 
1. Yes, of course. There is no design “for all” – if designed for very disabled patients, rather 
mobile patients might not feel comfortable, and disabled patients might be restricted in 
independency in a too general, hotel-like design. 
2. This is a problem. We decided to mix phases on the wards, as it is a special burden for the 
staff, especially nurses, only to work with highly-disabled patients. 
3. Not for the patients, but in some respect (see above) for the staff. 
4. There might be separate sections within one ward cared by one team of nurses. The section 
for the highly disabled pt nearer to therapy room, elevators etc. 
 
 
Prof. Dr. med. C. Wallesch, BDH-Klinik Elzach, 23.08.2018 
 
1. Certainly. In phase B you need monitors, infusion pumps heavy therapy material. Patients 
are incontinent, loud, some have to be permanently under view because of fixation. 
In phase B/C ward are needed for mobile disoriented. 
In phase C one has to consider the danger of falls. 
in D/ AHB hotel standard is warranted with access to social facilities. 
2. Yes, this is what we aim at when the new wing is ready. 
3. Certainly not. 
4. In principle, wards for phase B have to be strictly separate from C/D, because B is 
Krankenhaus and CD are Reha. 
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